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PREFACE. 



So many works on Arithmetic have been published, that 
the present treatise would appear superfluous, did it not 
exhibit a new and improved method of treating that im- 
portant subject. 

The majority of our predecessors in the path we are now 
following, appear to have had in view the convenience of 
the master more than the improvement of the pupil. They 
have imagined it an easier task to make a boy learn a 
rule than to develop his mental powers. We differ entirely 
from such a doctrine, and wish the master to be the ruling 
spirit of the class, and not the book which is used ; he must 
be at the helm, and not carried along like a common pas- 
senger. 

There is nothing empirical, nothing which has a ten- 
dency to ^^ cram,^^ in the plan we here introduce. Nature 
has been our guide. Profiting by the natural disposition 
which every child possesses of becoming interested about 
objects which his mind can grasp, we have, by a well gra- 
duated method, extended the field of his observation, and 
led him from the known to the unknown, from the easy 
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to the difficult. He is made to know the reason of every- 
thing he does^ his memory is not loaded with rules which 
have not been approved by his intelligence^ he is taught 
to discover them from established truths : and to illustrate 
their application, interesting examples are given. 

Every question is solved on its own data, and every 
solution contains a reasoning process, by which it becomes 
a demonstration, and thus arithmetic is made a captivating 
system of practical logic. The pupil is in this manner 
trained to learn ideas, not words ; his memory is not made 
the recipient — the instrument, par excellence, to make him 
pass through his lesson without stumbhng ; but his intel- 
lectual faculties are called forth and exercised. 

In the production of this course we do not lay claim to 
much originality; for wherever we have found useful hints 
suitable to our purpose, they have been incorporated in 
the work, but the reader will find many new suggestions 
and applications. We have extended the scope of arith- 
metic by applying it to several parts of Natural Philosophy, 
Chemistry, Mechanics, &c., sciences which become every 
day more important. 

For the convenience of instructors the Answers have 
been printed separately, as the author is fully convinced 
that to have introduced them into the body of the work 
the progress of the pupil would have been retarded. 

We cannot recommend too strongly to Masters the 
necessity of inducing each youth to make problems for 
himself; at first they will be little else than copies of those 
in the book, but gradually they will throw off all sem- 
blance of imitation, and become quite original. Pupils 
rapidly acquire an astonishing degi*ee of proficiency in this 
kind of work. 
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The tendency of the human mind at the present time is 
eminently towards improvement, and we see daily our 
knowledge extended, both in the material and intellec- 
tual world ; so that the mass of information which a man 
must possess in order to be a worthy and useful member 
of society, requires that from his youth, the mind be rightly 
disciplined, that the food it receives be administered with 
prudence and caution; and this in order to develop 
intellectual power, to adorn the understanding, and to 
create an inextinguishable thirst for knowledge. This has 
been the intention of the author, as far as the subject 
would allow, and if he has succeeded in leading the student 
along ''the royal road,'' he will be amply compensated. 
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NOTATION AND NUMERATION. 

1. A line admits of lengthening or shortening ; a sufface 
admits of extension or diminution ; a weight allows its being 
made heavier or lighter ; time allows of increase or decrease, so 
does motion, 

2. Quantity or magnitude is anything which will admit of 
increase or decrease. For instance, lines, surfaces, weight, time, 
motion are quantities. 

3. The science by which we become acquainted with the 
properties of quantity is called mathematics, 

4. If we were told, that in a certain house, there is a room 
twenty feet long, sixteen broad, and twenty high, we should at 
once form a correct idea of it, with regard to its dimensions, 
because we had a previous knowledge of the length of the foot. 
One foot is here called the unit or unity. 

Suppose a piece of cloth contain twelve yards ; here one yard 
is the unit ; in a basket there are eight pebbles, one pebble is the 
unit, and so on. 

5. Therefore, in mathematics, the imit is a measure of any 
kind, arbitrarily taken, to which we refer every quantity of the 
same kind. 

A collection of units of the same kind constitutes a number, 
thus : ten horses, sixteen yards, forty houses, &c., are numbers. 

6. When numbers are considered in a general sense, without 
referring them to any particular thing, they are called ahstract, 
as four, seven, twelve, &c., but when applied to particular objects, 
as two pounds, ninepence, fourteen yards, they are termed 
concrete numbers. 

8 
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2 COUBSE OF 

7, To represent numbers, to express them, to gire the means 
of computing by them, and to apply them to practical purposes, 
constitute a branch of mathematics called arithnutic. 

8. Numbers may be expressed in two different ways, by words 
and by signs or characters, called ,/^iir«s or di^U. 

9, The method of expressing any number by figures is called 
notation J and that of reading numbers so expr^sed, numeration. 

10. Words taken from the Saxon are used for the English 
names of numbers ; they are : one, two, three, four, five, six, 
seven, eight, nine, ten. 

1 ] . It is agreed to consider the number ten as a unit of the 
second order, which is called tens, and to proceed with the tens 
as we did from one unit to nine units ; but, for the sake of 
brevity, — instead of these expressions : one tens, two tens, three 
tens, four tens, five tens, six tens, seven tens, eight tens, nine 
tens — we say : ten, twenty, thirty, forty, fifty, sixty, seventy, 
eighty, ninety. 

12. Between ten and twenty, there are nine numbers : ten 
one, ten-two, ten-three, ten-four, ten-five, ten-six, ten-seven, 
ten-eight, ten-nine, which appellations have been changed into 
eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, 
eighteen, nineteen. 

13. Likewise, between twenty and thirty, there are also nine 
numbers, and we say : twenty-one, twenty-two, twenty-three, 
twenty four, twenty-five, twenty-six, twenty-seven, twenty-eight, 
twenty-nine ; thirty-one, thirty-two... thirty-nine; and so on, as far 
as ninety-nine. Therefore, ninety-nine is the largest nimiber 
containing tens and imits only. 

14 Now, if nine tens and nine units, or ninety-nine, be 
increased by one unit, we obtain ten tens, or one hundred, which 
commences a third order of units, called himdreds. The 
hundreds ascend also from one to ten ; but, for shortness, we 
use : one hundred, two hundred, and so on, to nine hundred. 
As there are ninety-nine numbers between any one himdred and 
the following, by adding successively the first hundred numbers 
to each, we have : one hundred and one, one hundred and two, 
Ac. ; two hundred and one, two hundred and two, &c. ; three 
hundred and one, three hundred and two, &c. ; and so on, to 
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nine hundred and ninety-nine, the largest number containing 
hundreds, tens, and units only. 

15. Nine hundred and ninety-nine, increased by one unit, 
gives a collection of ten hundreds, or one thousand, forming the 
units of thousands, or of the fourth order. Putting successively 
before thousand the nine hundred and ninety-nine first numbers, 
we have : one thousand, two thousand, three thousand, &c. ; ten 
thousand, eleven thousand, twelve thousand, &c.; twenty thou- 
sand, thirty thousand. &c, ; one hundred thousand, two hundred 
thousand, &g. ; and so on, to nine hundred and ninety-nine 
thousand. One tens of thousands gives the unit of the fifth 
order ; one hundred thousands the unit of the sixth order. 

Now, by placing between two consecutive numbers of thousands, 
such as twelve thousand and thirteen thousand, all the numbers 
less than one thousand, it is evident that every number, as far as 
nine hundred and ninety-nine thousand nine hundred and ninety- 
nine, will be expressed. 

16. Increased by one, the last number becomes ten himdred 
thousand, or a thousand thousands, called a million, being the 
imity of the seventh place. It has also its units, tens, himdreds. 

In the same manner as a million is the collective name of a 
thousand thousands, so is a billion the name given to that of a 
thousand millions ; a trillion signifies a thousand billions ; and so 
on, to quadrillions, quintiUions, &c. 

17. Hence we have the following table : — 

The first order of imits are briefly called ( units. 
Second 



Third 
Fourth 
Fifth 
Sixth 

Seventh 

Eighth 

Ninth 

Tenth 

Eleventh 

Twelfth 



»» »> 

»» if 

It a 

>» >♦ 

»» >> 

»» »> 

»» >» 

>> f* 



tens of units, 
hundreds of units, 
units of thousands, 
tens of thousands, 
hundreds of thousands, 
units of millions, 
tens of millions, 
hundreds of millions. 

units of billions, 
tens of billions, 
himdreds of billions. 



And proceeding thus, to reckon by trillions, quadrillions, 
quintiUions, sextiflions, &c., we are enabled to write down every 
imagmary number. 
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18. Therefore, the above system of numeration is based upon 
this two-fold property, that : ten imits of one order make a unit 
of a higher order, and that three orders of units form a unit of 
a higher period, which, on that account, is called ternary period. 

19. This system is termed the decimal system, because the 
number ten is the basis of it. 

20. Ahnost every nation on the earth has adopted the decimal 
system, probably because man used his fingers and thumbs at 
first, when required to reckon. Why should not, likewise, the 
joints of the 6igers have given rise to the three orders — units, 
tens, hundreds— of which each period is composed ? Whatever 
be the origin of this system, it is certainly a most admirable 
invention, and the author, though unknown, deserves our 
gratitude. 

21. This method, remarkable both on account of its simplicity 
and elegance, is not yet universally used in this country, but is 
likely to become so in time. The English having foimd that six 
orders of imits preceded the millions, judged it most consistent 
to make a unit of a superior period, and for this reason it is 
called sextuple period. The two methods agree as far as himdreds 
of millions, and it is seldom necessary to use larger numbers. 
The subjoined table illustrates this metiiod : — 

The first order of imits are called ( imits 

tens 

hundreds 
thousands 
tens of thousands 
hundreds of thousands 

units of millions 

tens of millions 

hundreds of millions 

thousands of millions 

tens of thousands of millions 

himdreds of thousands of millions 

units of billions 

tens of billions 

himdreds of billions 

thousands of billions 

tens of thousands of billions 

hundreds of thousands of billions 



Second 






Third 


*1 


>» 


Fourth 


»» 


• 

>t 


Fifth 


»> 


»» 


Sixth 


y« 


»> ' 


Seventh 


»» 




Eighth 


>» 


)» 


Ninth 


»» 


1i 


Tenth 


i* 


- 

ft 


Eleventh 


it 


it 


Twelfth 


)) 


»> V 


Thirteenth 


i* 


>» 


Fourteenth 


»> 


«« 


Fifteenth 


»» 


ft 


Sixteenth 


»> 


- 
91 


Seventeenth 


>» 


»» 


Eighteenth 


»t 


»> 
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The succeeding periods being called trillions, quadrillions, Ac, 
as we have before observed. 

22. The tediousness of writing down words in ordinary lan- 
guage is so apparent as to have early induced men to substitute 
signs for words. The signs, figures, or digits which are used 
take the names of the first nine numbers, they are : — 

one, two, three, four, five, six, seven, eight, nine. 
1, 2, 3, 4, 6, 6, 7, 8, 9. 

23. These figures appear to have had their origin in India, 
and were introduced into Europe by the Arabs, in the tenth 
century. The learned Frenchman, Gerbeit, afterwards Pope 
Sylvester the second, was the first who borrowed them from the 
Arabs. 

24. In order to express every possible numerical quantity with 
few figures, (as had been done with few words) it was agreed that 
each digit placed on the left of another should represent a imit 
of an order immediately superior : thus, to represent the number 
fifty-four, which consists of four units and five tens, we write 
down 54. In 456, 4 expresses four units of the third order; 5, 
five units of the second order ; and 6, six units of the first order. 
The number seven thousand six hundred and eighty-four is thus 
represented : 7684. 

25. The number fifty, which consists of five units of the 
second order, and none of the first, is thus expressed : 50. The 
number seven hundred and eight containing no tens, is thus 
expressed : 708. Tbe number four thousand, 4,000. The 
number ninety thousand four hundred and six, 90,406. Seven 
millions four thousand and sixty, 7,004,060. 

26. A cipher, or zero, having no value, becomes necessary 
when any order of units is wanting. It might be placed at the 
beginning of a number, but would have no meaning, for 034 is 
the same as 34. 

27. Therefore, by means of these ten signs, nine figures, or 
digits, and zero, any number whatever can be expressed. 

28. A digit admits of two values, one absolute and the other 
relative. First, it has an absolute value when it expresses units 
of the first order only, as 1, 2, 3, 4, &c. ; second, in any other 
case a digit has a relative value, as 5 in 54 ; in 506 ; in 5,559, 



6 C0UB8E OF ABITHMETIC. 

29. The following table will exemplify this truth, and the 
pupil can point out the different values which a digit admits of, 
as well as express the law of variation : — 

111111111 
222222222 
333333333 
444444444 
555555555 
666666666 
777777777 
888888888 
999999999 

30. Head and write in words the following nimibers : 84 ; 973 ; 
8542 : 73961 ; 340609 ; 8760464 ; 55478035 ; 341275648. 

The larger the number is, the greater the difl&culty of reading 
it ; but this difficulty vanishes if the number be divided into 
periods of three figures, commencing at the right, till not 
more than three remain. Then read each period bj itself, 
beginning at the left, and call the periods after their units, thus : 
464,789,485,321,543, which number is thus read, 464 trillions 
789 billions 485 millions 321 thousands 543 units, or briefly 
543. 

31. Write down in figures the following numbers : sixty-four, 
two himdred and forty-nine, eight thousand four hundred and 
twenty-four, forty-six thousand seven himdred and sixteen, six 
hundred and forty thousand four hundred and ninety-four, five 
millions four hundred and forty-four thousand seven hundred and 
eighty-nine. 

32. In the Roman notation, seven capital letters were used to 
express numbers, these letters were — 

I. representing the number 1 



V. 
X. 
L. 

C. 
D. 

M. 



»» 
>» 
»» 
»» 
It 
ft 



5 

10 

50 

100 

500 

1000 



33. When any letter is followed by one of less or equal value, 
the expression is equal to their simple values taken together; but 
when a letter precedes one of greater value, together they express 
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tbe difference of tkeir simple valiies ; thus the series of natural 
nnmbers, from one to a thonsand, is denoted : — 

L iL lu. IV. V. VI. vn. vin. ix. x. xi. 

123456 7 8 9 10 11 

xn. xin. XIV. xv. xvi. xvn. xvm. xdl 



12 


13 U 15 


16 17 18 19 


XX. 

20 

XC. 
90 


XXI., Ac. XXX. 

21 30 

C. CC. CCC. 
100 200 300 


XL. L. L?:. ud:. L5:xx. 

40 50 60 70 80 

CCCC. D.orlo DC. DCC. 
400 500 600 700 



DCCC. DCCCC. M. or CIq, &c. 
800 900 1000 

34. To increase a number a thonsand fold, a line is drawn 
over the top of a letter. Thns, 5000 is written, V or Iqq ; 
70000 is written, LXX. ; 2001000 is written, MMM. 

35. The Roman characters are used at the present day, first, 
to nnmber the chapters and the several parts into which books 
are divided ; sometimes to show the year of publication of a work, 
and the paging of prefEices ; secondly, in inscriptions for monu- 
ments and in epitaphs ; thirdly, in numismatics, the science of 
medals and coins. 

36. EXEBCISES IN NUMEBATION. 

Write down in words the following numbers: — 5, 8, 12, 
17, 24, 26, 37, 49, 76, 87, 90, 99, 101, 241, 176, 087, 008, 
245, 574, 809, 977, 047, 999, 1005, 1014, 1346, 1787, 
2007, 3745, 9846, 10609, 10428, 82307, 110349, 137008 
540423, 837457, 806004, 7640006, 7607760, 6900070, 
24803765, 900706539, 6476300088, 807050700603. 

37. EXCBCISES IN NOTATION. 

Express the following numbers in figures : — ^Forty-five, three 
hundred and sisty-five, six hundred and eight, one thousand 
and seventy-five, three thousand nine hundred and nine, seventy- 
ei^t thousand and seven, eight hundred and four thousand four 
hundred and fifty-four, five millions three hundred and forty 
tfaonaand nine hundred and eleven, three hundred and four 
seven hundred and forty thonsand four hundred. 



S COURSE OF ARITHMETIC. 

eighty-four billions seven millions three hundred thousand and 
nine^. 

38. EXERCISES IN ROMAN NOTATION. 

14, 28, 74, 80, 96, 99, 107, 194, 345, 609, 7000, 9080, 
6704, 5555, 60000, 33333, 800000, 659186, 999999. 

39. Express in Arabic figures :— XV. XIX. XXIV. 
XXXVII. XCIX. LV. LXXXI. CL. CXC. CCCX. 

DLX. DXC IV. MDCCXCIX. VIII. Da)CVI. LVDLV. 

DCCLXXVIIDCCLXXVII. 




PAET II. 



ADDITION, SUBTRACTION, MULTIPLICATION 

AND DIVISION. 



40. Every process in Arithmetic consists in the increase or 
diminution of nmnbers. 

41. These processes are various, but they can be reduced to 
four, which are c;a}\edL fundamental ^ because all the others depend 
on them. 

42. The fundamental operations are: Addition, Subtraction, 
Multiplication, and Division, the last two being shorter methods 
of the first and second. 

ADDITION. 

43. I had in my purse fifteen shillings ; my father gives me 
seven shillings and my mother five shillings more. How many 
shall I have altogether ? 

To find the answer I have to put these three numbers of 
shillings together, or to add them up ; and the process is called 
addition. 

44. Therefore, addition is the process of collecting several 
numbers together, 

45. The number resulting from addition is called the sum. 

46. The sum of 6 and 4 is 10, which is expressed : 6+4 = 10. 
The sign + signifies plu^ or and ; and the sign = is called the 
sign of equality, denoting that the quantity on the left is equal to 
that on tile right. 
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47. PREPARATORT EXERCISES. 



1 + 1= 2 


2+1= 3 3+1= 4 


4 + 1= 5 


1+2= 3 


2+2= 4 3+2= 5 


4 + 2= 6 


1 + 3= 4 


2 + 3= 6 3 + 3= 6 


4+3= 7 


1+4= 5 


2+4= 6 3+4= 7 


4+4= 8 


1+5= 6 


2+5= 7 3 + 5= 8 


4+5= 9 


1+6= 7 


2+6= 8 3 + 6= 9 


4 + 6=10 


1 + 7= 8 


2+7= 9 3 + 7=10 


4 + 7 = 11 


1+8= 9 


2+8=10 3 + 8 = 11 


4+8=12 


1+9=10 


2+9=11 3+9=12 


4+9 = 13 


Let it be repeated and arranged in the form of 


a table, like 


the following : — 


123456789 




1 


23456789 10 




2 


3456789 10 11 




3 


4 5 6 7 8 9 10 11 12 




4 


5 6 7 8 9 10 11 12 13 




5 


6 7 8 9 10 11 12 13 14 




6 


7 8 9 10 11 12 13 14 15 




7 


8 9 10 11 12 13 14 15 16 




8 


9 10 11 12 13 14 15 16 17 




9 


10 11 12 18 14 15 16 17 18 




10 


11 12 13 14 15 16 17 18 19 




11 


12 13 14 15 16 17 18 19 20 




12 


13 14 15 16 17 18 19 20 21 





The sum of two numbers in the first vertical and the first 
horizontal column is found at the concourse of these two columns. 
The learner must afterwards be questioned in diJfferent order 
upon this exercise. 

In the following exercise, add up the numbers outside the 
brackets to those tJ^t are within ; let it be done both in writing 
and orally : — 

r+3 = 

+ 7 = 
+ 5 = 
+2= 
+ 8 = 
1+6 = 

This is to be continued until the pupil answers readily ques- 
tions of the same kind. 
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/+4= 
+6= 
+3 = 

+^= 

+ 5 = 
1+9= 



nJ 



+ 6 = 
+4 = 
+2= 

+7 = 

+ 5 = 

[+9 = 



12 



13J 



+6= 
+ 6 = 
+9= 
+7= 
+4 = 
1+3= 



Ui 



/ + 6 = 
+4 = 

+7 = 

+ 8 = 

+ 5 = 
,+9= 
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Determine the different methoda of expressing 24. with the 
Bum of two numbers. Also, 43 tind 54. 

Express 18 with the sum of three numbers, in all the poBsible 
waya. Likewise, 37 and 35. 
What is the sum of 

3+4+6= 
5+6+7= 
8+9+3= 
7+6+6= 
7+8+9= 
5+4+3+6= 
7+a+4+9= 
8+6+6+7= 
6+4+7+9= 
3+4+7+9+3= 
6+6+6+4+8= 
7+8+6+7+9= 
6+6+7+4+7+3= 
8+6+6+5+6+9= 
&e., &c. 
The same exercise ought to he also proposed under the 
following form, where the pupil is to add up the vertical columoa 
in each square, and afterwards also the horizontal rows : — 



4 


6 


7 


8 




5 


a 


4 


e 


1 


3 


4 


■' 


6 


T 


5 


3 

T 


3 


4i 


5 


4 


5 


6 


3 


7 


6 


4 


7 


a 


4 


5 


1 












5 


8 


6 


7 


9 



7 


3 


■1 


■i 


■i 


4 


y 


9 





7 


<i 


1 


3 


11 


2 


7 


4 


3 


« 


8 


7 


3 


7 


4 


5 


7 


3 


4 


f 


7 


^ 


a 


5 


6 


7 


3 


6 
6 


4 


K 


7 


9 


6 


3 


9 


4 


7 


3 


7 


3 


3 


a 


9 


4 


7 


6 


■f 


5 


6 


4 


5 


4 


7 


B 9 


5 


5 


4 


6 


7 


3 


5 


4 


6|4 


JJ 


» 


6 


4 


3 


8 


6 


« 


4|6 


5 


4 


« 


« 


5 




9 


« 


6.7 


8 


9 


4 


6 


6 



48. To find the sum of two numbers, 36 and 45, put them 
under the form 30 + 6 and 40 + 5 ; the required sum is equal to 
80+40+6+5. Now, three tens and four tens are seven tens, 
and six onits and five units are eleven units ; therefore, the 
8um is 70+11 = 70+10+1 = 81. 

Whence we perceive that the tens are to be put together 
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separately, and likewise the units. The same method is followed 
when the numbers are hundreds, thousands, &c. 

Example : What is the sum of 4631 + 13524+546+78 ? 

4631= 4000 + 600 + 30 + 1 
13524 = 13000 + 500 + 20+4 
546= 500+ 40+ 6 

78= 70+ 8 

Adding up, separately, the imits, the tens, the hundreds, &c., we 
have 17 thousands+16 hundreds+16 tens+19 units, or 17000 
+ 1600+160 + 19; the same process being repeated for these 
numbers, we have 1800+700+70 + 9, or 18779. 

This operation is much shortened by the following method : — 

4631 

13524 

546 

78 



18779 

The numbers are placed under each other, with the units of 
the same order in the same vertical column ; then adding each 
number thus: 1+4 = 5, 5 + 6 = 11, 11 + 8 = 19 units or one tens 
+nine units, we set down the nine units, and the one tens 
we carry mentally to the next or tens column, which sum is 17 
tens, or one hundreds and seven tens ; the seven is set down in 
the place of the tens, and the one hundreds are carried to the 
third column, and so on, which explains why we begin with the 
right hand column. 

49. From the definition of number, it is evident that, to be 
added up, numbers must be of the same kind, unless they have 
a common name. Example : 5 lions +4 bears +6 foxes=15 
animals. 

50. To ascertain whether an addition is correct, the operation 
is repeated, beginning at the bottom of each column ; and if the 
results agree, it is probable the work is right. Or, add the 
figures of each column, omitting the upper row, then to this sum 
add the upper row ; if the result is equal to the previous answer, 
the work is probably correct. 

51. EXERCISES. 

1. On Monday, 7645 persons passed over a bridge ; on 
Tuesday, 8965 ; on Wednesday, 4905 ; on Thursday, 3679 ; on 
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Friday, 6844; on Saturday, 7638; on Sunday, 2944. How 
many persons crossed it during the whole time ? 

It is evident that we have here to find the sum of the 
seven given numbers: — 

7645 
8965 
4905 
3679 
6844 
7638 
2944 



426S0 number of persons. 



Proof 



34975 number on the last six days. 
7645 number on the first day. . 



42620 which is equal to the sum required. 

2. 86420135 + 9873546+998739+6978+407369= ? 

3. 439 + 2704+1743206 + 290704+7680+15647= ? 

4. Find the sum of thirty thousand seven himdred and seven + 
forty-six thousand nine hundred and seventy-five + four hun- 
dred and sixty-four thousand eight hundred and seventy-eight 
+ three thousand and seven + nine millions three bundled and 
forty-nine thousand three hundred and fifty -six. 

5. In a school, the pupils are at study in four rooms ; in 
the first, there are 128 pupils ; in ihe second, 84 ; in the 
third, 93 ; and in the fourth, 65. The number of pupils in 
the school is required. 

6. How many times does a clock (which only strikes the hour) 
strike, whilst the hour hand goes round the dial ? 

7. In what year did a man die who was bom in 1766, and died 
at the age of 85 ? 

8. A person is bom in 1793 ; in what year will he be 74 years 
of age? 

9. Virgil was bom near Mantua, 70 years B.C. How many 
years ago is it ? 

10. Noah's flood occurred 2356 years B.C. How long is it 
since that event ? 
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11. An army which consists of 24647 infantry and 3249 cavalry, 
is increased by 6473 infantry and 2464 cavahy. What is the 
whole number of men ? 

12. From January 19th, 1852, to June 17th, inclusive, how 
many days? 

13. The smaller of two numbers is 349, the larger is 124 more. 
What is the sum of both numbers ? 

14. Required, the sum of two numbers, such, that when 48 is 
taken away from one, and 244 from the other, the remainder 
is 173. 

15. A father is 49 years older than his son, who is 12 years old ; 
the daughter is five years older than the son, and the mother 
is 23 years older than the daughter. What are the ages of the 
father and mother ? 

16. The land on the earths surface is divided into five great 
parts; Europe contains 3720000 square miles; Asia, 17^^ 
millions ; Africa, 12 millions ; America, 15050000 ; Australia, 
four millions. The number of square miles of the land is 
required. 

17. The first of five numbers is 247, and the four others increase 
respectively by 48, 49, 50, and 51. Required, those num- 
bers, and their sum. 

18. Six partners, A, B, C, D, E, and F, divide their profits ; 
A gets £2458, B gets as much as A and D together, C as 
much as B and F, D gets £1500, E as much as C and D, 
and F receives £800. Find each partner's share and the 
whole profit. 



SUBTRACTION. 

52. In an orchard, there are 36 trees ; if 13 be cut down, how 
many will be left. 

Here we are led, by the meaning of the question, to take away, 
or subtract 13 trees from 36 trees, and the operation is called a 
subtraction ; the resulting number is called remainder, difference, 
or excess, 

53. Therefore, to subtract is to find how much one number 
exceeds another. The greater number given is called the minuend, 
and the less, svbtrahend. 
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54. The difference of 9 and 4 is 6, which is briefly expressed, 
0—4 = 5. The sign — meaning minm or less, 

55. PBEPARATOBT EXEBCI8E8. 



n 


1—1 = 18 


13—1 = 12 


7—1 = 6 


18—1 = 17 


12 1 = 11 


6—1 = 5 


17 1 = 16 


11—1 = 10 


5 1=4 


16 1 = 15 


10—1= 9 


4—1 = 3 


15—1 = 14 


9—1= 8 


3—1 = 2 


14—1 = 13 


8—1= 7 


2—1 = 1 
1—1=0 


19 2 = 17 


19—3 = 16 


19—4 = 15 


18—2 = 16 


18—3 = 15 


18—4 = 14 


17 2=15 


17 3=14 


17—4=13 


&c,, &c. 


&c., &c. 


&c., &c. 


24—4 = 20 


20—4 = 16 


16—4 = 12 


48—6=42 


42 6 = 36 


36—6 = 30 


56—8=48 


48—8 = 40 


40—8=32 


86—9 = 77 


77—9 = 68 


68— 9=59 &c 


/— ^ = 


/— ''^ = 


,—8 = 


f-4- 


—6 = 


—9 = 


17- 


6 = 


H=^: 


H~t 




-—5 = 


—4= 


—4 = 




^—3 = 


^ 5 = 


^—5= &c. 



56. From 7569 take 4354. 

Write the smaller number below the larger, placing units 
under units, tens under tens, &c. 

7569 or 7000+500+60+9 
4354 or 4000+300+50+4 

3215 or 3000+200+10+5 

Now, 4 units from 9 units leaves 5 units 

5 tens from 6 tens leaves 1 tens 

3 hundreds from 5 hundreds leaves 2 hundreds 

4 thousands from 7 thousands leaves 3 thousands 

Therefore, the difference of 7569 — 4354=3215. 
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67. The difference of 93546 and 87874 is required. 
The numbers being placed as before — 

» 

93546 = 9 tens of thous. + 3 thous. + 5 hunds. + 4 tens +6 units 
87874 = 3 „ „ +7 „ +8 „ +7 „ +4 „ 



55672 5 „ „ +5 „ +6 „ +7 „ +2 

Beginning at the right, take 4 units from 6 units, there remain 
2 units ; 7 tens from 4 tens cannot be done, but if we add 
mentally 1 hundreds, which is =10 tens to the 4 tens, we shall 
now have 7 tens from 14 tens, there remain 7 tens, which are 
written down in the tens' place ; proceeding to the next figures, 
it must be observed that the 8 hundreds must be increased by 
1 hundreds, (since 1 hundreds has been added to the top row) 
then say 9 hundreds from 5 hundreds, which cannot be done, 
in the same manner add 1 thousands, or 10 hundreds, to the 
5 hundreds, and we have now 9 hundreds from 15 hundreds, 
leave 6 hundreds, which are set down in the hundreds' place ; 
for the same reason as before, we have 8 thousands from 18 
thousands, leave 5 thousands, which are set down ; and, lastly, 
4 tens of thousands from 9 tens of thousands, leave 5 tens of 
thousands. 

The operation, with the artifices used, might be put under 
this form :— 



Tens of Thous. 


Thona. 


Hmids. 


Tens. 


UnitB. 


9 


18 


15 


14 


6 


4 


8 


9 


7 


4 



5 5 6 7 2 

58. The inference drawn from this operation is, that the 
difference of two numbers is not altered by adding the same number 
to the minuend and the subtrahend. It is easily shown that this 
is also true when the same number is subtracted from both. 

For instance, 18—18 = 5, adding 7 to each, we have 25 — 20 
= 5 ; subtracting 7 from each, we have 11 — 6 = 5. 

59. Let it be required to take 284689 from 700607. 

Minuend 700607 
Subtrahend 284689 

Remainder 465968 

9 units firom 17 units leave 8 imits ; 4 tens from 10 tens 
leave 6 tens; 7 hundreds from 16 hundreds leave 9 hundreds; 
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5 thousands from ten thousands leave 5 thousands ; 4 tens of 
thousands from 10 tens of thousands leave 6 tens of thousands ; 
and 3 hundreds of thousands from 7 hundreds of thousands 
leave 4 hundreds of thousands. Therefore, the greater numher 
exceeds the lesser by 466968. 

60. Enough has been said to show that subtraction might be 
defined to be an operation in which it is required to find a number 
called difference, which, being added to a proposed number, caUed 
subtrahend, the sum is equal to another proposed number, called 
minuend. 

61. Therefore, to ascertain if a subtraction be correct, add the 
difference to the subtrahend; if the sum be equal to the minuend, 
it is presumed the work is right. 

62. Another proof is : subtract the difference from the minuend, 
and if the remainder be equal to the subtrahend, the work, in all 
probability, is correct ; for the minuend may be considered as 
the sum of the subtrahend and difference. 

63. EXERCISES. 

1. The authorised version of the Old Testament contains 593439 
words, and the New 181253. How many more words are there 
in the Old than in the New ? 

Operation. Proof by Addition. Proof bj Subtraction. 

692439 minuend 181253 subtrahend 592439 minuend 
181253 subtrahend 411186 difference 411186 difference 

411186 difference 592439 minuend 181253 subtrahend 

2. 97—43; 549—327; 784—376; 2947—678; 14748— 
13942. 

3. 340639—247546; 461201201—359758467. 

4. 2122090046—1217484566; 100076709—934567788. 
6. 7900000000—4756739523. 

6. Napoleon was bom in 1769, and died in 1821. How long did 
he live ? 

7. The University of Cambridge was founded A.D. 915. How 
many years have elapsed from that date till now ? 

8. The expenses of an establishment are £74656, and the receipts 
£93758 ; the profits are to be ascertained. 

3 
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9. Printing was invented in 1449. How many years from that 
time to 1853? 

10. In summer, when the earth is in its aphelion, or greatest 
distance from the sim, that distance is about 95600000 miles ; 
and in winter, in its perihelion, or least distance, it is about 
93500000 miles. How much nearer the sun is the earth in 
winter than in summer ? 

11. An empty box weighs 761bs., and when filled with goods, 
4641bs. The weight of the goods is required. 

12. Halley's comet, which appeared in 1835, was 76 years 
invisible. When was it seen previously ? 

13. If A lived 36 years longer he Tvould be 100 years old. 
Find A's age. 

14. The greater of two numbers is 278, and the difference 169* 
What is the smaller number ? 

15. Find the greater of two numbers, the smaller of which is 
111, and the sum 327. 

16. A property was bought for ;e9867, and sold for ^68978. 
What is the loss ? 

17. If 18 years were taken from the age of the father, and 
added to his son's age, they would each be 30 years old. Find 
the age of each. 

18. Two persons started from two towns, 347 miles apart, when 
they met one had travelled 198 miles. How far had the other 
travelled ? 

19. If I had £500 more, I could repay ;ei200 which I owe, 
and have £19 over. What sum have I ? 

20. The father is bom in 1796, the mother in 1801, the 
son in 1823, and the daughter in 1827. Find the age of 
each person, the differences, and the sum of their ages in 
1853. 
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MULTIPLICATION. 

64. A person spends seven shillings daily. How much will 
he spend in six days ? 

Since in one day he spends 7 shillings, in two days his expenses 
will be 7+7 shillings, in three days 7+7+7 shillings, &c, ; 
therefore, it is evident that we have to repeat as many times 
as there are days, or as many times as there are units in 6. 
Then the expenses are 6 times 7 or 42 shillings, which is thus 
expressed, 6 x 7 = 42. The same result would have been obtained 
had we added 7 shillings 6 times to itself, as follows ; 7 + 7+7 + 
7+7+7 = 42. To repeat a number several times is to multiply it, 

65. Therefore, to multiply is to repeat a number called multipli- 
cand as many tim£8 as there are units in another, called multiplier. 

The result of a multiplication is called product. 
In the previous question, which is the multiplicand, which the 
multiplier, and which the product ? 

66. The multiplier and multiplicand are also named terms or 
/actors. 

67. FBEFABATOBT EXERCISES. 

1X2 = 2 1x3 = 3 1X4 1x5 Ix 8 Ixll 



2X2 = 4 


2x3 


2X4 


2X5 


2x 8 


2X11 


3X2 = 6 


3x3 


3x4 


3X5 


3x 8 


3x11 


4x2 


4x3 


4x4 


&c. 


&c. 


&c. 


5x2 


5x3 


5X4 


1X6 


IX 9 


12x11 


6x2 


6x3 


6X4 


2x6 


2x 9 




7x2 


7x3 


7X4 


3x6 


3x 9 


1X12 


8x2 


8x3 


8x4 


&c. 


&c. 


2x12 


9x2 


9x3 


9x4 


1X7 


ixio 


3x12 



10x2 10x3 10x4 2X7 2x10 <fec. 

11X2 11x3 11x4 3x7 3x10 12x12 

12x2 12x3 12x4 &c. &c. 

2x 1 3X 1 4x 1 5X 1 6x 1 7X 1 

2x 2 3x 2 4x 2 5x 2 6x 2 7x 2 

2x 3 3x 3 4x 3 5x 3 6x 3 7x 3 

&c. &c. &c. &c. &c. &c. 

2x12 3x12 4x12 5x12 6x12 7x12 

8x 1 9x 1 lOx 1 llX 1 12x 1 

8x 2 9x 2 lOx 2 llx 2 12x 2 

8x 3 9x 3 lOx 3 llx 3 I2x 3 

&c. &c. &c. &c. &c. 

8x12 9x12 10x12 11x12 12x12 
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3x 6 


4X 3 


5x6 


3x 1 


4X 7 


&c. 


3x13 


4X 6 




3x 6 


4X10 




8x 7 


4x 5 




3x 2 


4X 9 





5x7 
6x9 
7x3 



7x 7 



8x5 



4X7 


7x 5 


10X4 


8x7 


6x12 


11x9 


9x8 


9x19 


13x6 


2x8 


»X 9 


&c. 



The learner will construct tlie foLowii^ table, called Multipli- 
cation Table, or Pythagoras' Table, from its inventor. This 
he may do several times, in order to get very perfect in its 
contents. Let bim write down the first horizonl^ and vertical 
lines, then repeating every figure in the horizontal line by the 
figures in the vertical one, the reeiilts will be the several 
horizontal lines. 

MDI/nPLIOATIOIT TABLE. 



1 


9 


8 


4 


& 




7 


8 


9 


10 


11 


12 


3 


4 


(i 


t* 


10 


V2 


14 


IB 


18 


20 


iiii 


94 


a 


ti 


9 


1-J 


15 


IH 


ill 


•24 


27 


30 


S3 


38 


4 


y 


lU 


16 


20 


■u 


28 


39 


36 


40 


44 


48 


5 


10 


16 


20 


25 


ao 


3S 


40 


45 


50 


55 


60 


6 


12 


19 


24 


30 


3» 


4Q 


48 


54 


60 


66 


7a 


7 


14 


21 


2B 


35 


4a 


4« 


66 


6a 


70 


77 


84 


b 


16 


24 


32 


40 


4H 


56 


64 


79 


80 


88 


08 


9 


IS 


27 


36 


45 


54 


83 


72 


81 


90 


99 


108 


10 


at) 


ao 


40 


60 


60 


70 


80 


00 


100 


no 


121 


11 


ii)i 


33 


4-1 


56 


66 


77 


88 


fl{) 


UO 


191 


132 


12 


24 


36 


48 


m 


72 


34 


96 


108 


ia( 


133 


144 



68. What is the product of 4 and 5 ? Answer, 20. 
Therefore, 4 and 5 are fitotors of 20. 

Of what number are 6 and 8 the fiicters ? 



What are the factors of 8, 12, 15, < 
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69. Such numbers as 5, 7, 19, &c., which have no factors, but 
unity and themselves, are named prime numbers ; the others are 
called multiples, 

70. The following table is very useful, and may be made by 
the student : — 



Prime Nnmben. 


Mnltiples. Fftcton. 




1 


4 = 2X 2. 






U 


6 = 2x 3. 






3 


8 = 2x 4. 






5 


9 = 3x 3. 






7 


10 = 2x 5. 






11 


12 = 2x 6, 


3x4 




13 


14 = 2x 7. 






17 


15 = 3x 5. 






19 


16 = 2x 8, 


4x4. 




23 


18=:2X 9, 


3x6. 




29 


20 = 2x10, 


4x5. 




81 


21 = 3x 7. 






87 


22 = 2x11. 






41 


24 = 2X12. 


3x8, - 


4X6. 


43 


25 = 5x 5. 






47 


26 = 2x13. 






63 


27 = 3x 9. 






59 


28=2x14, 


4x7. 




61 


30=2x15, 


3x10, 


5x6. 


67 


32 = 2X16, 


4X8. 




71 


33 = 3x11. 






73 


34 = 2x17. 






79 


35 = 5x 7. 






83 


36=2x18, 


3x12, 


4x9, 


89 


38 = 2x19. 






97 


39 = 3x13. 






101 


40=2x20, 


4x10, 


5x8. 


103 


42 = 2x21, 


3X14, 


6x7. 


107 


44 = 2x22, 


4X11. 




109 


46 = 3x15, 


5x9. 




113 


46 = 2x23. 






127 


48 = 2x24, 


3x16, 


4xU 


131 


49 = 7x 7. 






137 


50 = 2x25, 


5x10. 




139 


51 = 3x17. 
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MultiplM. 



Faoton. 



62 = 


= 2X26. 


, 4x13. 








54 = 


= 2x27, 


. 3x18, 


6x9. 






55 = 


= 5X11 










66 = 


= 2X28 


! 4X14, 


7x8. 






67 = 


= 3X19 










58 = 


= 2X29 










60 = 


= 2X30, 


3x20, 


4x15, 


5X12, 


6x10. 


62 = 


= 2X31. 










63 = 


= 3x21, 


, 7x9. 








64 = 


= 2x32, 


, 4x16, 


8x8. 






65 = 


= 5X13 










66 = 


= 2X83 


! 3x22, 


6x11. 






68 = 


= 2X34 


, 4x17. 








69 = 


= 3x23 










70 = 


= 2X35 


] 5X14. 


7x10. 






72 = 


= 2X36, 


, 3x24, 


4x18, 


6x12, 


8x9. 


74 = 


= 2X37. 










75 = 


= 3X25, 


, 5X15. 








76= 


= 2x38, 


, 4X19. 








77 = 


= 7X11. 










78 = 


= 2X39, 


] 3X26, 


6x13. 






80= 


= 2X40 


, 4x20. 


6x16, 


8X10. 




81 = 


= 3X27, 


, 9x9. 








82 = 


= 2X41. 










84= 


= 2x42 


] 3x28, 


4x21, 


6X14, 


7X12. 


85 = 


= 5X17 










86 = 


= 2X43 










87 = 


= 3X29 










88= 


= 2X44 


] 4X22, 


8x11. 






90 = 


= 2X45, 


, 8x30, 


6x18, 


6x15, 


9x10. 


91 = 


= 7X13 










92 = 


= 2X46, 


] 4x23. 








93 = 


= 3X31 










94 = 


= 2X47 










95 = 


= 5X19. 










96 = 


= 2X48, 


\ 8x32, 


4X24, 


6X16, 


8X12. 


98 = 


= 2X49, 


, 7X14. 








99 = 


= 3x33, 


, 9X11. 








100= 


= 2X50, 


, 4X25, 


5x20, 


10x10 


« 


102 = 


= 2X51, 


, 3X34. 


6x17. 






104 = 


= 2X62 


, 4X26, 


8X13. 
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Mnl^let. 

105 = 

106 = 
108 = 

110 = 

111 = 

112 = 

114 = 

115 = 

116 = 

117 = 
118= 

119 = 

120 = 

121 = 

122 = 

123 = 

124 = 

125 = 

126 = 

128 = 

129 = 

130 = 

132 = 

133 = 

134 = 

135 = 

136 = 
138 = 
140= 

141 = 

142 = 

143 = 

144 = 



5x21 
2x53 
2x54 
2x55 
3x37 
2x56 
2x57 
5x23 
2x58 
3x39 
2x59 
7x17 
2x60 

llXl 

2x61 

3x41 

2x62 

5x25 

2x63 

2x64 

3x43 

2x65 

2x66 

7x19 

2x67 

5x27 

2x68 

2x69 

2X70 

3x47 

2x71 

11X13 

2X72, 



Fftoton. 

3x35, 7x15. 

3x36, 4x27, 6x18, 9x12. 

5x22, 10x11. 

4x28, 7x16. 8x14. 

3x38, 6x19. 

4x29. 
9x13, 



3x40, 4x30, 5x24, 6x20, 8x15, 10x12. 



4x31. 

3x42, 6x21, 7x18, 9x14. 
4x32, 8x16. 

5x26, 10x13. 

3x44, 4x33, 6x22, 11x12. 



3x45, 9x15. 

4x34, 8X17. 

3x46, 6x23. 

4x35, 5x28, 7x20, 10x14. 



3x48, 4x36, 6x24, 8x18, 9x16, 12x12. 



71. A man gains £2347 yearly. How many poimds does he 
gain in six years ? 

The answer to this question might he found in adding six 
numbers equal to 2347, as it is done below : — 

2347 + 2347 + 2347 + 2347 + 2347 + 2347 = 14082. 

But we notice that we have taken 6 times the 7 units of the 
multiplicand, 6 times the four tens, &c. Therefore, we are led 



24 COUBSE OF ARITHMETTC. 

to place the multiplier under the multiplicand, and to proceed 
as follows : — 

2347 multiplicand 
6 multiplier 



14082 product 

6 times 7 units are 42 units, or 4 tens and 2 units, set down 
2 in the place of the units, and reserve 4 tens for the next place ; 
6 times 4 tens are 24 tens, and the 4 tens reserved are 28 tens, 
or 2 hundreds and 8 tens, set down the 8 tens and carry the 2 
hundreds to the next place ; 6 times 3 hundreds are 18 hundreds, 
and 2 are 20 hundreds, or 2 thousands and hundreds, set 
down in the hundreds* place, and reserve 2 thousands ; 6 x 2 
thousands =12 thousands, and 2 thousands are 14 thousands, 
set down 14. The product is 14082. 

Therefore, this operation consists in multiplying each figure 
of the multiplicand by the multiplier, beginning with the units, 
and setting down the results under the figure multiplied by, 
reserving, as in addition. 

72. Let it now be required to multiply 4598 by 366. The 
meaning of which is to repeat 4598, 5 times +60 times +300 
times, and to add the results. Place the multiplier under the 
multiplicand, so that the units of the same order be under each 
other : — 

4598 
365 

22990= 5x4598 

27588 = 60x4598 

13794 =300x4598 



1678270 = 365x4598 

The product of 4598 and 5 is found as in (§ 71); to multiply 
4598 by 6 tens, we proceed as if we multiplied by 6 units, taking 
care to place the first figure obtained in the tens' place, because 
6 tens X 8 units are 48 tens, or 4 hundreds+8 tens ; 6 tens x 9 
tens =64 hundreds, and 4 hundreds reserved = 58 himdreds, or 
5 thousands +8 hundreds, &c. ; lastly, to multiply 4598 by 3 
hundreds, multiply as if it were by 3 units, writing the first 
figure in the column of the hundreds, because 3 hundreds x 8 
units are 24 hundreds, or 2 thousands +4 hundreds, &c. Add 
die partial products, and the sum is the product required. 
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From which it is inferred that we must multiply one of the 
factors by each figure of the other, placing the unit of each line 
in the place imder the figure of the multiplier from which it 
came, and add the several lines together. 

73. It has been explained in numeration, that the respective 
values of figures increase ten-fold as we proceed from the units' 
place towards the left hand. Let us t^e any number, 24, for 
instance, put a zero at the right hand, it becomes 240, that is to 
say, the units have become tens and the tens hundreds, or the 
number has acquired ten times its former value. If t;o zeros 
had been placed at the end of 24, the number would have one 
hundred times its previous value, and so on. 

Therefore, to multiply a number by 10, 100, 1000, &c., place 
at the right hand of that number 1, 2, 3, &c., zeros. 

74. Let us multiply 30 by 20. If we were to omit the zeros, 
and say 3 X 2 = 6, this result would be evidently 10 x 10, or 100 
times too small, then affix both zeros at the end of the product 
and we have 600 for the answer. Therefore, when one or both 
factors have ciphers on the right hand multiply them together, 
omitting the ciphers, and then place on the right hand of the 
product as many ciphers as there are on the right hand of the 
factors. 

75. Since 5x7 = 7x5, or 14x25 = 25x14, &c., we shall be 
able to ascertain that a multiplication is right by transposing the 
factors ; and if the product thus obtained agree with the product 
found previously, the operations have been correctly performed 
in both cases. 

76. EXEROISES. 

1. How many lines are there in a book containing 247 pages, 

and each page 18 lines ? 
Since each page contains 18 lines, 247 pages will contain 247 X 

18 lines. 

Multipli^tion p^^^f 

Factors LJ^ °»'Jt?pl?«a«d 247 

1247 multipuer -,r. 



18 



126 



72 ^^^^ 

''^ 247 

86 ^—-- 

4446 



The book contains 4446 lines=product 
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3. Sound moves about 1142 feet per second. How many feet 

will it move in 144 seconds ? 
Bj the question, we know that in one second sound travels 

1142 feet; therefore, in 144 seconds it travels 144x1142 

feet. 

Multiplication. Proof. 

Factors I ^ ^^^ multipUcand ^A 

J actor s I ^^^ multiplier _21^ 

AIT '^''' 

^5^^ 144 

IHi^ ill 

164448 feet = product TfiHIft 

3. In a plantation there are 274 rows of trees, each containing 
485 trees. How many trees are there in the plantation ? 

4. How many times does the hammer of a clock strike in 365 
days, or one year, at 156 strokes per day ? 

5. One mile contains 1760 yards. How many yards are there 
from the earth to the moon, the distance being 240000 miles ? 

6. Perform the following multiplications : — 24x762; 63x196; 
6704x487; 7800x365; 3600x49200. 

7. How many hours are there in 365 days, of 24 hours each ? 

8. The equator, like every other circumference, is supposed to 
be divided into 360 parts, or degrees, each containing 69 
miles. How many miles is it round the earth ? 

9. Light travels with a velocity of 192000 miles per second, and 
the sun's light reaches us in 8 minutes 13 seconds, or in 493 
seconds. What is our distance from the sim ? 

10. Two persons start at the same time, one from London and 
the other from Worksop ; the first travels 18 miles per day, 
and the other 19 miles; they meet after travelling four days. 
How far are the two places from each other ? 

11. A person owns 79 horses, worth £26 each, on an average ; 
and 347 head of cattle, valued at £13 each. What is the 
value of all ? 

12. A draper bought 347 yards of cloth, at 27 shillings per 
yard, and 276 yards at 18 shillings, for which he paid 12337 
shillings. How much has he yet to pay ? 
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13. Reckoning every yeax of 365 days 6 hours, how many hours 
is it since the birdi of our Lord, which took place 1853 years 
ago? 

14. A boy who is 14 years 8 months and 14 days old, wishes to 
know how many seconds he has lived ; three years of his life 
were leap years ; of the 8 months, 5 were of 31 days, 2 of 30 
days, and the last of 28 days. 

15. A wheel of a locomotive engine makes 25 revolutions in one 
second. How many revolutions will it make in 7 hours 17 
minutes and 24 seconds ? Also, how many yards has it run 
over, the wheel being six yards round ? 

16. A merchant employs 12 clerks, three at the rate of £240 
annually, five at the rate of £180, and four at £80 ; 14 
servants, eight of them at £22 each, on the average, and the 
six others at £15 each ; for house rent, &c., he spends £1400 ; 
the house-keeping expenses amount to £2200. In one year 
he did business to the amount of £224600, upon which he 
laid out £206700. What were his profits at the year's end ? 
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77. If eight apples are to be parted, or divided equally between 
two persons, how many will each receive ? 

In this question it is proposed to make as many equal shares, 
or portions of the apples, as there are persons, or to divide 8 by 
2, or to see how many times 2 is contained in 8, and the answer 
is 4. 

Other questions similar to this might be proposed by the 
teacher, and solved mentally. 

78. Therefore, division consists in dividing numbers into equal 
parts, or in finding how many times one number is contained 
in another, 

79. The number which is divided is called the dividend, the 
number we divide by, the divisor, and the number resulting from 
the operation is named the quotient. 

In the previous question, which number is the dividend, which 
the divisor, and which the quotient ? 

Q 

8, divided by 2, equal 4, is expressed thus : 8-5-2, or -= 4. 
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80. PREPARATORY EXERCISES. 

2-^2= 3-5-3= 4-^4= 54-5= 6^6 = 

4^2= 64-3= 84-4= 104-5= 124-6= 

64-2= 94-3= 124-4= 154-5= 184-6= 

84-2= 124-3= 164-4= 204-5= 244-6 = 

104-2= 154-3= 204-4= 254-5= 304-6 = 

124-2= 184-3= 244-4= 304-5= 364-6 = 

144-2= 214-3= 284-4= 354-5= 424-6 = 

164-2= 244-3= 324-4= 404-5= 484-6 = 

184-2= 274-3= 364-4= 454-5= 544-6= 

204-2= 304-3= 404-4= 504-5= 604-6= 

224-2= 334-3= 444-4= 554-5= 664-6= 

244-2= 364-3= 484-4= 604-5= 724-6 = 

74-7= 494-7= 84-8= 564-8= 94-9= 634-9 = 

144-7= 564-7= 164-8= 644-8= 184-9= 724-9 = 

214-7= 634-7= 244-8= 724-8= 274-9= 8l4-9 = 

284-7= 704-7= 324-8= 804-8= 364-9= 904-9 = 

354-6= 774-7= 404-8= 884-8= 454-9= 994-9 = 

424-7= 844-7= 484-8= 964-8= 544-9= 1084-9 = 
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4""6 2 ""6 4 6 7 

12_ 12- ?i_- 15- §5_ ^- 22- 
3" 9"" 6"" 4"" 4" 8" 11"" 

1^- ?Z- ^- i2- 12- ~= 22- 

6"~ 3~ 8"" 8"" 7" 5"" 8 

1H= ^- 2?- ^- ^- 1?- 22- 

2~ 9" 4"" 7" 6" 7"" 9~ 

82. Let it be required to divide 64 by 4. 

There are various methods of solution, for instance, — = — + 

4 4 

4 40 ,20 .4 ^ 64 48 . 16 

j=-^+^+j=10+5-|-l = 16, or-^=Y+-j-=12.|.4 = 16, 
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(KA 

&c. But the best method of solution is this : ~= 10+6= 16. 

4 is contained in 6 tens, 1 tens, and 2 tens over, which are 
added to the 4 units, 2 tens +4 units =24 units. 4 is contained 
in 24 units 6 units times. 
Divide 16422 by 6. 

16422 
— g — =2737. 

Solution: 6 is contained in 16 thousands 2 thousand times, 
and 4 thousands over, 4 thousands +4 hundreds =44 himdreds; 
6 is contained in 44 hundreds 7 hundred times, and 2 hundreds 
over, 2 hundreds +2 tens =22 tens ; 6 is contained in 22 tens 
3 tens, and 4 over, 4 tens +2 units =42 units ; 6 is contained in 
42 units 7 times ; therefore, the quotient is 2737. 

83. EXAMPLES FOB PRACTICE. 

536 3846 7624 37134 493767 56772 



4 ' 6 8 9 9 12 

84. The process is rather longer when the divisor is larger 
than 12. Example : Divide 6164 by 46. 

46)6164(134 
46 

156 
138 



184 
184 



The divisor is placed to the left of the dividend, separated by a 
smaU curved line ; on the right, draw another line. Take the 
least number of figures on the left of the dividend, that will 
contain the divisor, find how many times they contain it, and 
place the result on the right as the first figure of the quotient ; 
and the product arising from the multiplication of the divisor by 
this figure being subtracted from the dividend, annex to the 
remainder the next figure of the dividend, and divide the result 
as before ; and proceed thus till all the figures of the dividend 
have been brought down or used. 

If, after having annexed a figure to the remainder, the divisor 
is not contained in it, we place zero in the quotient^ annex the 
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next figure of the dividend to the remainder, and proceed as 
before. 

85. EXAMPLES. 

25608 1554768 1674918 251667 6765158 



37 216 189 239 7894 

86. It vQiy often occurs that the divisor is not contained 
exactly in the dividend, then the last remainder may be joined to 
the quotient, under this form : + remainder (or see § 92). 

87. Since the quotient is the number of times the divisor is 
contained in the dividend, it follows that the quotient multiplied 
by the divisor must necessarily be equal to the dividend, minus 
the remainder, if there be any. This affords a method of 
ascertaining whether a divisor has been correctly performed. 

88. EXEBCISES. 

1. The annual income of a person is £38360. How much is 

that per day ? 
The income must be divided into 365 equal parts, and one of 

them is the daily income ; therefore, £38360 must be divided 

by 365. 

Division. Proof. 

365)38360(105 +remainder 35. 365 

365 105 

1860 1825 

1825 3650 

~35 35 



38360 



2. 648 chests of tea cost £7128. What is the price of one 
chest ? 

3. What number is 25 times less than 3675 ? 

4. £8400 are to be divided equally amongst six persons. How 
much would each individual's share be ? 

6. The dividend is 156970, and the divisor 2854. Find the 
quotient. 

6. The dividend is 8760, and the quotient 24. Find the divisor. 

7. What number, multiplied by 54, gives 9990 as product ? 
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8. In how many days will a traveller go from London to Geneva 
if he travel at the rate of 7 miles per hour ? The distance 
between the two cities is 1176 miles. 

9. The earth moves in her orbit 583416000 miles in one year. 
At what rate does she go in one minute ? 

10. A gentleman's annual income is £2920 ; he wishes to lay by 
£1 every day. What must be his daily expenditure ? 



PART III. 



FRACTIONS. . 

89. In the previous parts we have only considered whole 
numbers, or integers, viz., numbers containing once or several 
times unity; but, were we to suppose unity divided, or broken into 
several parts, we should obtain other quantities, called fractions ; 
we are, therefore, led to the consideration of that most important 
part of arithmetic named Vulgar Fractions, 

90. If we suppose an apple to be divided into two equal parts, 
one of the parts is called one-half; if it be divided into three 
equal parts, each part is one-third ; if into four equal parts, each 
part is one-quarter ; into five equal parts, one-fifth^ &c. 

If a rod, a line, &c., was also cut into 2, 3, 4, 5, &c., equal 
parts we should obtain 2-halves, 3-thirds, 4-fourths, 5-fifths, &c. 

Therefore, one-half signifies 1 portion of a whole, or unit, 
which has been divided into 2 equal portions. 

It follows that 2 halves are equal to the whole. 

Also, 1 -third is one part of a whole, which has been divided 
into 3 equal parts ; hence, 3-thirds are equal to one whole. 
Apply similar reasoning to the other divisions of imity. 

91. When two or more equal parts are taken together, we have 
quantities, as the following : — 2-thirds, 3-fourths, S-eighths, &c., 
meaning that imity has been divided into 3 parts, and 2 of 
them taken, or that two units have been divided into 3 equal 
parts, and 1 of these taken. In 3-fourths, the whole has been 
divided into 4 equal parts, and 3 of them taken, or 3 wholes 
have been divided into 4 equal parts, and 1 of these parts 
taken, &c. 

92. Hence it follows that every numerator is supposed to be 
divided by its denominator. 

Thus, we perceive that fractions are expressed with two num- 
bers : one the denominatory which shows into how many equal 
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parts unity is divided ; and the other the numerator, denoting 
how many such equal parts are taken. The denominator and 
numerator are called terms of the fraction ; they are thus written : 
J» h h <^c., and read three-fourths, five-eighths, seven- ninths, 

94. The pupil must he exercised upon such questions as the 
following : — ^What is the meaning of J ? It implies that imity 
is divided into 9 equal parts, and 7 of them are taken ; 9 is the 
denominator, and 7 the numerator. He should also represent 
the value of those fractions by lines, squares, cubes, &c. The 
line or the square represent unity, which is divided into 9 equal 
parts, and 7 are marked out. 



h 



h 



_ 1 

I ; 

I , 

I ; 



95. When speaking of fractions in connection with each other, it 
is evident they must be parts of the same, or equal units ; it 
would, for instance, be too ridiculous to attempt to connect or 
compare ^ lb. of butter to ^ yard of linen. 

96. The greater the number of parts into which imity is 
divided, the smaller the parts are ; thus, i is greater than J ; 
^, greater than ^ ; i, greater than ^ ; J, greater than y\, 
&c. Also, the greater the number of parts taken, the greater 
the fraction is ; -y^q is greater than -^^ ; ^^, greater than y^ ; 
^4, greater than y\, &c. Therefore, the larger the denominator 
of a fraction is, the smaller is the fraction, if the numerators 
remain equal ; and the larger the numerator is, the larger is the 
j&action, if the denominators remain the same. 

97. If the numerator of a fraction be less than the denominator, 
the value of the fraction is less than imity, since it does not 
contain all the parts into which the unit has been divided, it is 
called a Proper Fraction : i, f . If the numerator be equal to 
the denominator, it is unity in the form of a fraction : |, f . If 
the numerator be greater than the denominator, the value of the 
fraction is more Uian one unit, and it is called an Improper 
FrOrCtion: J, {^ 
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/' "j ' \ 98. If the numerator of the fraction 

;' ; ; — j— j — i — f — f~; f be multiplied by 2, without altering 
'-..., I „.' the denominator, the product is f , which 

fraction is twice as great as f, for f 
contains twice as many equal parts as f does. If the denomi- 
nator be divided by 2, keeping the 
\ '.. ^ numerator as it is, the quotient is }, 

— i — ! — r and as the unit is now divided into half 



I ■ I 



I ' I . 
^ ,, -' as many equal parts, each of these is 

twice as great; therefore, f=twice f. 

It follows that, to multiply a fraction by any whole number, we 

may either multiply its numerator or divide its denominator by 

that number. 



99. Let us take the fraction f : if 
8 ■■--.. its numerator be divided by 4, the 



,— quotient is f, which is 4 times as 

' ..F-' ' small, for it contains 1-fourth of this 

number of equal parts. If the de- 
nominator 9 be multiplied by 4 the result is ^\, a fraction 
4 times as small as f , for it contains the same number of parts. 



..--• « 

I I I I i I I I I ' I I * I I '!' I I I I I' I I I I I I I 1 I I I I f 

I I I I I I I I I >•» I I < * I I << I ) I I I I I I I I » I I I I • I 

8 

each of which is 4 times less. Therefore, to divide a fraction by 
any whole number, we may either divide its numerator or 
multiply its denominator by that number. 

100. EXERCISES UPON ARTICLE 98. 

1. Multiplication of a fraction by a whole number, when opera- 
ting upon its numerator. 

Multiply by 2 : I, J, |, ^^ ^«,. 
Multiply by 3 : I, 4, ^^, ^%, ^. 

2. Multiplication of a fraction by any whole number operating 
on its denominator. 

Multiply by 4 : |, ^'^, ^j, ^5^, ,6^. 
Multiply by 6 : ^^ t^'o, iJ, ih j>\' 



FRACTIONS. 



35 



3. Multiplication of a fraction by a whole number, operating on 
its numerator, or on its denominator, if possible. 

Multiply by 3 : f ^, ^^ 14. h +S. +*» ^' 
Multiply by 8 : ^V ih i J» 4t» ii» H, A» iJ- 

101. EXERCISES UPON ARTICLE 99. 

1. Division of a fraction by a whole number, operating on its 
numerator. 

Divide by 3: h ih ih ih ih 
Divide by 7: H, «?, H» «M«- 

2. Division of a fraction by any whole number, operating on its 
denominator. 

Divide by 5 : ii, ^%, Jf, JJ, if 

Divide by 8: ,\, JJ, i^, ^, ^V 

3. Division of a fraction by any whole number, operating on the 
numerator, if possible, or on the denominator. 

Divide by 4 : i|, J, if J, iJ, H, if, iJ. 
Divide by 6 : iJ, if, p, «, J, f J, J*, i^. 

102. Since a fraction is multiplied by an integer, when we 

multiply its numerator, and is divided by an integer when its 

denominator is multiplied, what will result if we multiply both 

the numerator and denominator by the same quantity? For 

3x2 6 
instance, =-. Now, evidentiy, on one hand, we have made 

4X2 8 
the fraction twice as great as f , and on the other twice as small ; 
therefore, the value of the fraction is not altered. The accom- 
panying diagrams illustrate the truth of this deduction : — 



i 
I . I 



I 



t 



I 








It is easily shown that the same result is obtained if the 

numerator and denominator be both divided by the same number ; 

6-^2 3 
for instance, — '■ — =-. Therefore, if the terms of a fraction 

8-7-2 4 

be multiplied or divided by the same number, the value of the 

fraction will be unaltered. 
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103. EXERCISES. 

1. Multiplication of the terms of a fraction by the same number. 

Multiply by 4 : J, ^, |, t^, if. 
Multiply by 7 : hih ih H- 

2. Division of the terms of a fraction by the same number. 

Divide by 3 : f , if, H, f J, |f . 
Divide by 8 : if, |J, if, m, ^%\. 

104. By article 102, we see that a fraction can be expressed 
by different terms, for instance : — 



«=i 





















• • 
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But as we form a clearer idea of a fraction when expressed by 
small numbers than large ones, and as the numbers being small 
shorten the operations, it will be useful to simplify fractions, or 
to divide the terms by any common factor, or common measure ; 
the fraction will be expressed in its lowest terms when the factor 
is the greatest common measure. 

Thus, in Jg, it is found that 8 is contained 4 times in the 
numerator and 5 times in the denominator; then, %% is equivalent 
to |, or |J=f, and 8 is called the greatest common measure of 
32 and 40. It must be observed that the same result can be 
obtained by dividing the terms by 2, three times in succession, 
3 j = ^j=^8^ = ^ ; 2 is only a common measure of 32 and 40. 

105. A number which contains another number exactiy, 'is 
said to be a multiple of it (see Art. 69). 32 and 40 are multiples 
of 8. 

106. Beginners find it easier to reduce fractions by dividing 
the terms successively by common measures, as follows : ^^ = |^ 
= ^«^=|. The terms are divided by 2 as often as possible, and 
then by 3. 

107. The following observations will be found useful : — 

1. If the terms of the fraction are even, or if the figures in the 
units' place be divisible by 2, the numbers are divisible by 2. 
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% If 4 is a measure of the figures of the last two places, the 
terms are divisible by 4. Ex. 4^||. Since 24 and 56 are 

divisible by 4 the fraction is reducible by 4 : Zl_= — . 

3. If 8 is a measure of the figures in the three last places, then 
the terms are divisible by 8. Ex. f IJJ. Since 8 is a mea- 
sure both of 168 and 760, therefore the fraction is reducible 

, Q 2168-^8 271 
by 8. = 

^ 2760-f-8 345 

4. If the terms of the fraction end in 0, cut the same number of 
ciphers from each. Ex. in:Vo% = iT^?y 

5. If the terms end in or 5, they are divisible by 5. Ex. 
30^5 __6. 25-4-5 _5 

35-^5 7' 45-f-5 9' 

6. If the sum of the figures of each term be divisible by 3 or 9, 
the fraction is reducible by 3 or 9. Ex. |^|. Now, 4-1-7 + 1 
= 12; and 5-f-7-f-3 = 15. Both 12 and 15 are divisible by 3, 

therefore the terms are reducible by 3, and — __l_ =_-_.. 

^ 573-h3 191 

7. If the sum of the figures of the even places be equal to the 
sum of the figures of the imeven places, or if one sum exceeds 
the other by 11, or by any multiple of eleven, in each term, 
then the fraction is reducible by 11. Ex. tVt%- 

Sum of figures of even places of numerator=4-|-9= 13*) -t-^ r^ 

odd „ =8 + 5 = 13; ^- "• 

Sum of figures of even places of denominator = 9 + 6 = 15"! i^ .., 
„ uneven „ =l + l + 2 = 4j 

-Therefore, ^^'^ -^'^ '^^ 



19162^ 11 "1742 



8. Every number consisting of more than 2 figures is divisible 
by 7, if after having doubled the units' figure and subtracted 
that product from the figure on the left hand of the units* 
place the remainder is 7 or a multiple of 7. If the remainder 
contains more than 2 figures, the units' figure of the re- 
mainder must be doubled, and the product subtracted from 
the figures on the left of the units' place, &c. The only 
exceptions to this law are 98 and 119. Here the figures 
on liie left of the units must be subtracted from the units 
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doubled. Ex. tVtV- Multiply the units' figure of the numer- 
ator by 2: 2x2=4, subtract 4 from 25 leaves 21, double 
the units' figure of the denominator, 2x5=10, subtract 10 
from 101 leaves 91 ; then, because 21 and 91 are multiples 

252 -=-7 
of 7, the fraction admits of being reduced by 7 : ] = 

36 



145 

108. It would save time, and very often useless labour, if we 
had a method to ascertain directly the greatest common divisor, 
factor, or measure of two numbers. In order to make this 
inquiry, let us establish a few principles. 

109. Since the common measure of two numbers is a number 
which divides them both exactly, we shall find that the measures 
of 36 and 60 are, 

For 36 : 1, 2, 3, 4, 6, 9, 12, 18, 36. 

For 60: 1, 2, 3, 4,. 5, 6, 10, 12, 15, 20, 30, 60. 

The measures common to both are : 1, 2, 3, 4, 6, 12. We see, 
then, that 12 is the greatest common measure of 36 and 60. 

110. If we examine two numbers, as 36 and 60, and find their 
sum and difference, 36+60=96, 60 — 36=24, we notice that 
the common measure of the numbers 1, 2, 3, 4, 6, 12 measure 
also their sum and difference. Therefore, if one quantity mea- 
sures two others, it measures likewise their sum and difference. 

111. But as the multiple of any number is the sum of several 
numbers equal to the one expressed, it follows that if any 
number measures another number, it measures any multiple of the 
latter, Ex. 4 measures 8 ; and, therefore, measures 2 x 8, 3 x^, 
4x8, &c. 

1 12. We may observe that the remainder of the division of 
two numbers is nothing but the difference between the dividend 
and the product of the divisor by the quotient, viz., a multiple 
of the latter. Hence, every number which measures both the 
dividend and the divisor, measures, likewise, the remainder, Ex. 
13 measures both 234 and 65. Divide 234 by 65 : the quotient 
is 3, and the remainder 39, which 13 measures. 

113. These principles being understood, let it be required to 
find the greatest common measure of 1749 and 477. 
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Divide 1749 by 477, and the remainder is 318. We infer 
that 477 is not the greatest measure ; but (by § 112), any number 
which measures 1749 and 477 measures also 318, or the greatest 
common measure must be a factor of the three numbers, 1749, 
477, and 318. 

We are thus guided in finding the greatest common measure 
of 477 and 318. Divide 477 by 318, and the remainder is 
159 ; in the same manner, it is shown that the greatest common 
measure of 477, and 318 is a factor of the three numbers, 477, 
3 IS, and 159, Let us now ascertain the greatest common 
measure of 318 and 159. Divide 318 by 159, and the remainder 
is 0. Therefore, 159 is the greatest common measure of 318 
and 159 ; but the greatest common measure of these two num- 
bers is a measure of 477, 318, and 159 ; and, therefore, also of 
the four numbers 1749, 477, 318, and 159, or, in short, of 
1749 and 477. Thus 159 is the greatest common measure 
required. 

The operation is effected in the following manner : — 

477)1749(3 
1431 

318)477(1 
318 

159)31802 
318 

• • • 

114. Therefore, to find the greatest common measure of two 
numbers, divide the greater number by the less ; if there is a 
remainder, divide the less by it; continue dividing the last 
divisor by the last remainder till there is nothing remaining, and 
the last divisor is the common measure required. 

115. If one of the given numbers were a prime number, there 
would be no common measiure, unless the less number is the 
measure of the greater ; of course, in this case, the less number 
is the prime number. 

116. Strictly speaking, all numbers have a common measure, 
because they are all measured by 1 ; but when two numbers 
have no common measure greater than 1, or when they are prime 
to each other, the last divisor will be 1. If, in the operation, any 
divisor be a prime number, and leave a remainder, it is useless 
to proceed further, as unity is the only common measure. 
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117. If it were required to find the greatest common measure 
of three or more given numbers, we should ascertain the greatest 
common measure of any two of them ; then that of this greatest 
common measure and a third number, and so on, to the end. 

EXERCISES. 

1. Reduce to their lowest terms : t-\» t^» tt> ff » iV\j- 

2. Simplify, as much as possible, the following fractions : |g, 

3. Express, in their simplest forms, the fractions tVfV* ^VA* 

^TSts* tsfTf TTT^i* 

4. Induce tVtVt» T\Vff» iiltf » S!f ?» tVtW% to their most 
simple expressions. 

(The four following Articles may be omitted imtil pupils have 
acquired a better knowledge of fractions.) 

118. We have established this principle: that fractions are 
not altered in value when both numerator and denominator are 
divided by the same number. But it often happens that fractions, 
even when reduced to their lowest terms, are expressed in num- 
bers inconveniently high, and it is sometimes required to find 
approximate values of them in smaller numbers. 

[Note : > signifies greater than, as 20 > 6 ; < signifies less 
than, as 6<20; /. signifies therefore; ',' signifies since or 
because,] 

Suppose we want to find an approximate value of -i^^\, which 
is expressed in its lowest terms. Let us divide tiie terms 
of the firaction by the numerator, then the fraction becomes 

= . Were we to omit the fraction 4|4, the de- 

1213 154 *^ 

"353 "^353 

nominator beint; decreased, the result -> -—- and /. 

^ 3 ^ 154 

3 + 



353 



i> ^^^ 



3 1213 

Now, if we divide the fraction of the denominator by 154, we 
« , 154 1 353 1 . 1 , .,45 .^ 

2 + 154 ^+"-45 



154 
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Mows that U"*, .-. -L.<i!ili. but ±- = l hence 

^ < iWj» fro™ which we infer that the value of -jVr's is between 
i and f . 

Proceeding with the fraction of the denominator as before, we 

« , 45 1 , 853 1 .. . - 

^^ TT7= rrx* whence 7——= , if we omit the 

154 - . 19 1213 ^ 1 

'+46 3+— 1 

2+- 



»+^, 



, ^. 19 , 353 I , ^ 17, I 
fraction _, we have j^= , but i+^=-^, also 

3+-y 2 + 3 

2+3 

=i=!:then3+^=3+^=Hf; and J_ =1 = 1 
7 7 ^17 7 ,.1 MM 



n 2+q 8, . 

353 7 



••1213"'Ji4 

Since 3 < 3+ — , it follows that -> -, also 2+- or 

45 3 o I 1*^ 3 

46 

7^1 ,131 , , 7 353 

_>2-J and- or-< and hence — > 

3 % , 19 7 7% , 1 24 1213 

^+45 3 ^+~T 

2+" 



19 
^ + 45 

It follows that the value of the given fraction is between ^ 
and |. 

To continue the approximation, let us divide both terms of 

1- by 19, the result is , neglecting the fraction -- we 

46 « . 7 iVf 

«+i« 
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obtain i^^J— , but 3+1=1, then J_^=lor| 

1213 3^1 2 2 3^1 r 7 

^+2 
also 2+ -=3+^or i?, and =— or — ; likewise 

^+2 

3H =3+ — or — , hence = — or rr- 

+ 1 ^16 16' 1 55 55 

^+ f rf+ J 16 

3+K 2+ 



'+^ 



1 . 1 



7 11 1 

Since ^<Z+j- it follows that -> ; also3+-r>34 



19 2^^ 7 ^'2 • ^ , 7 



19 • 19 



therefore 



— j-< r ; likewise 24. j<2+ j 



3 + 3 + ~ 3+- 34 



' V4 ' ^-^ 



19 '19 



hence _ > ; similarly 3H t 



2+ r 2 + r 2 + 

3+i 3+- 3+H 

2 7 ^ 

24-— 
^19 

> 3-j , it follows that < - 

2+^— r 3+i— r 3 



1 ^. 1 ' . . 1 



3+ ;r 2+ r 2-1 



7 "^1^,1 

2 + T7T 3-f- 3 + 



19 -2 • ^_^ 7 



19 

or — < — —; therefore the yalue of tVA is between »' 
55 1213 ^^^^ '* 

and if. 
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By continuing the process in a similar manner, we find other 
yalues which approximate more and more towards VVA* ^^tH at 
last we obtain the given fraction. If the remaining fraction after 
each division be omitted, except when the numerator is unity, we 
have the following converging fractions : — 

1 _1 2 J_ _7_ J_ _16 J_ _26 

2+3 2+ 2+ j- 



3+^ 3+ 



55 1 149 



^n 



Q 1 1«4 ^1 512 



2+1-. 24 ' 



S + '-, 34^ 



2+i-^ 2 ^ 



2+T 2+* 



^-l 



1 . 353 



3+i '^'''' 



2 + 



1 



2 



1 



2+^ 



1 

119. Ex. Find the fractions converging to i||. 

The following process is convenient to determine the several 
fractions approximating to J|| : — 

135^J . _IL_J . ^-2 . i?_J 

347 ^.77' 135"", 58^ 77~ 19' 58"", T 



135 "^77 '^^58 ^19 
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Therefore, the converging fractions are : 

135^1. 135__J 1 135_ 1 2 

347 2' 347 , 1~3' 347"" 1 "=5' 

347 1 -18' 347""^ 1 ""347' 

1+— J 1+— 

l + o 1+- 



3 



3+i. 



We observe that the approximation is alternately greater and 
less than the real value, and that the denominators of the con- 
tinued fractions are the quotients, which are found by the method 
of ascertaining the greatest common measure of two numbers. 
This last observation leads us to a short process of finding the 
denominator of the continued fractions, the numerators of which 
are imity. 

120. Ex. Express tVA\ ^ ^ continued fraction, and find the 
converging fractions. 

7529)11513(1 
7529 

3984)7529(1 
3984 

3545)3984(1 
3545 



439)3545(8 
3512 



33)439(13 
429 

10)33(3 
30 



3)10(3 
9 

1)3(3 
3 
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Therefore the continued fraction is : 
75^9 _ 1 

11513"", 



1+^ 



1+^ 



8+1 



13+i 



3+1 



3+L 
3 

and the approximating values are : 1, J, f, H. iih :AWV» iiti» 
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121. EXERCISES. 

1. Find the approximating values of 4? ^|i ; also of jtVi- 

2. What are the converging fractions to | Jf ; also to Jf^ J ? 

3. On an average of 100 years, it is found that the lunar month 
consists of 27.321661 days. From this datum, it would follow 
that the moon describes 1000000 revolutions round the earth 
in 27321661 days. Express, approximately, the fractions 
which give its daily revolution. 

4. It is found that the circumference of a circle, whose diameter 
is 1, is 3.1415926535, nearly. Find the converging fractions 
expressing nearly th^ ratio of the diameter to the circum- 
ference. 

5. The planet Mercury revolves in 87.969255 days, and Venus 
in 224.700817. Express these times of revolution approxi- 
mately, by small numbers. 

122. Suppose it was required to reduce V into a whole 
number, or a mixed quantity ; that is, into a whole number and 
a fraction. Since 9-ninths make 1 whole, 18-ninths are equal to 
2 wholes, 27-ninths to 3 wholes ; therefore, as many times as 9 
is contained in 44, so many wholes will there be, now 9 is 
contained in 44, 4 times + the remainder f, then y = 4f. 

Therefore, to reduce an improper fraction to a whole or mixed 
number, divide the numerator by the denominator ; the quotient 
expresses the whole number, and if there be a remainder, place 
it over the denominator for the fractional part. 

123. Exercises : Reduce the following fractions to a whole or 
mixed number:— J, V, V» ih 'S^ W» nV^ nV.'^W- 
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124. Let us consider the converse of the preceding case ; 
for instance, suppose it were required to reduce the mixed 
quantity 5 f to an improper fraction. Since unity is supposed to 
be divided into 7 equal parts, every unit=7-sevenths ; therefore, 
5 units = 5 X 7-sevenths, or 35-sevenths, and S-sevenths make 
altogether 3 7-sevenths. Therefore, 5f = y. 

Hence, to reduce a mixed quantity to an improper fraction, 
multiply the integer by the denominator of the fraction, and to 
the product add the numerator of the fraction ; the sum is the 
new numerator, and the denominator of the fraction will be its 
denominator. 

125. Exercises : Express the following mixed quantities as 
improper fractions :—3|, 7^, 16|, 14J, 26f, 35^^, 48^^, 124|i. 

126. RECAPITULATION. EXERCISES. 

1. Express that an object is divided into 25 equal parts, and 17 
of them taken away. 

2. Exhibit the quantity represented by an object broken into 
134 equal parts, and 21 of them taken away. 

3. Write down the following fiuctions in words : — ^, f , f , JJ, J4. 

4. What is the meaning of 4, f , f , ^|, ^ J ? 

5. Write down in figures the following expressions • — five-sixths, 
one-thirteenth, seven-tenths, thirteen-fifteenths, three-fifths, 
four-ninths, three-nineteenths, fifteen-twenty-eighths. 

6. Which is the greater 4 or .4 ? Why ? 

TT or i^ ? Why ? 

i or I ? Why ? 

^8j. or ^\ ? Why ? 

„ T^or^'^? Why? 
7. Which is the greater of |, |, ^\, ^\, ^^ ? 

9 7 6 IQ. _4 9 

»» »' Tl» T¥> T^» Tt» T5 • 

8. Express in figures that a workman has done but three- 
quarters of his work. 

9. Two workmen are in a feictory, one works five-sevenths of 
the time, and the other five-sixths. Express in figures the 
time each worked, and also mention which worked the longer 
time. 

10. Two men work in the same manufactory, the first performs 
one-fifth less than his daily work, and the second one-fifth 
more. How much does each perform ? 



)) 9i 

>» »> 

»» » 
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11. What name is given to quantities of this form: y, y, y, 
V> V» ^S°« W ^ *^<1 express them in mixed quantities. 

12. Which quantity is twice as great as | ? 
„ „ three times „ y^^y ? 

„ „ five times „ ^\ ? 

13. The treble* of t\ is required; the quadruple of y\; the 
double of t ? 

14. A mason builds, in one day, ^*^ of a wall. How much will 
he do in 7 days ? 

15. A man goes, in one day, -f-^ of his journey. How much will 
he accomplish in 8 days ? 

16. Which quantity is three times less than { ? 
„ „ one-third of J ? 

„ „ one-sixth of t\ ? 

„ „ one-ninthof -J^l ? 

17. How much is one-quarter of one quarter ? 
„ one fifth of one-fifth ? 

„ one-seventh of one-seventh ? 

18. Make -Ji six times less. 
„ tV iiine 

19. In 5 days, f of a work is performed ; how much is done 
in one day ? In nine days, | ; how much in one day ? In 
seven days, | ; how much in one day ? 

20. A and B divide a sum of money equally between them ; A 
divides his share equally between his three children, and B 
divides his equally between his four children. What part 
of the whole money does each of the children of A and B 
receive ? 

21. A person received f of an inheritance, which was trebled in 
trade ; his son quadrupled that fortune ; but the grandson, 
failing in business, lost one-seventh of his inheritance. What 
part of the whole inheritance was left ? 

22. Required, the greatest common measure of 28 and 98 ; of 
345 and 2415; of 22893 and 79245. 

23. Reduce to their lowest terms, if possible, if, |U, tW^, 
nh itih 
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24. A shopkeeper was asked for the f JJ of a yard of cloth, but 
not understanding the question, what must be done ? 

24. A boy who was offered the f JJ part of an orange, asked 
that the quantity be put in a simpler form. How is this to 
be done ? 



1 6 



4- « 



— 24 
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127. If to 4 of a yard f be added, the sum is ^ of a yard. 
The sum of 4 and f is J. 

Find the sum of t+f+^. *+f = f ; f +i= V = H 
Find the sum of ^5+^7^+^8^+11. ^9^+^7^=|| 

24_L11 — 35 — Q 9 

Therefore, when fractions have the same denominator, add all 
the numerators together, and place their sum over the denomi- 
nator, the result will be the sum of the fractions, which must be 
reduced to a whole or mixed quantity, when possible. 

128. How much are i+i ? 

These fractions, not having the same denominator, cannot be 
put together without transforming them to fractions of the same 
denominator, for instance : — 






1 



r 



1 



Hence, ^+J = f+f = f. We observe that J^ is transformed into 

3x1 3 

sixths by multiplying the terms by 3 : 



formed by multiplying the terms by 2 : 



=-; and iis trans- 

3x2 6 ^ 

2x12 
2x3~6' 



129. The sum of |, |, and ^ is required. 

Here the fractions can all be transformed into twelfths : — 













a 










= t\ 






1 











' 3. 

4 — TT 























; l=i* 



Tlierefore, J+3 + J=/,+T»T+iJ = H=2A = 3l. 
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To transform } into twelfths the terms must be multiplied by 4. 

»» 4 »» »» »♦ *'• 

»i "B" >» »» »» <•• 

4x2 8 3x3 9 2X5 10 



And we have 



4x3 12' 3x4 12' 2x6 12 



Therefore, when the fractions proposed have not the same 
denominator, reduce them to a common denominator, and then 
proceed as before. 

130. We haye seen that fractions cannot be added together 
without being of the same kind, or of the same denominator. 
Let us now determine a method which will enable us to reduce 
fractions to a common denominator. The common denominator 
of two or more fractions is such a number as will contain the 
several proposed denominators, without remainders ; thus, in our 
last example, 12 is a common denominator of 3, 4, 6 ; so is 24, 
36, &c., any multiple of 12 ; but 12 is the least, and it will 
be preferable to find that one, because we shall thereby shorten 
the operations. 

131. What is the least common denominator of {, f, <j7^, 

ih « ? 

First, let it be understood that to resolve a number into its 
prime factors is to divide it by 2, and the quotient by 2, and 
this second quotient again by 2. When the quotient can no 
longer be divided by 2, we must try by 3, then by 5, by 7, &c., 
until the quotient is a prime number. The several divisors 
and the last quotient are tiie prime factors of the numbers. 

Let the above denominators be resolved into their prime 

flEU^tOFS. 

6=ix^ 

8=/x2x^ 
18=/X3'Xj' 
24 = 2x2x2xj 
45 = 3x3x5. 

Now, we observe that the two of the first line, the three twos of 
the second, and the two of the third, are contained in the three 
twos of the fourth line, for which reason they axe struck out ; the 
three of the first line, the two threes of the third, and the three 
of the fourth are contained in the two threes of the fifth line, 
then they are also struck out. The prodnot of the remaining 

6 
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factors will evidently be the least common denominator, or 
2x2x2x3x3x5 = 360. 

132. In practice, the operation is carried on in this manner:— 

2)6 „ 8 „ 18 „ 24 „ 45 



2)3 


»» 


4 


>» 


9 


»> 


12 


)) 


45 


2)3 


»» 


2 


»> 


9 


• 


.6 


»» 


45 


3)3 


»» 


1 


»» 


9 


19 


3 


»» 


45 


3)1 


»» 


1 


»» 


3 


»» 


1 


»» 


15 



The several divisors, and the last quotient 5, are the fiEu;tors fotmd 
above. But, by inspection, we easily see that 6 and 8 are con- 
tained in 24 ; and, therefore, may be neglected, and the process 
is thus abridged : — 

2 )18 „ 24 „ 45 
3) 9 „ 12 „ 45 



3 ) 3 „ 4 „ 15 
1 ,» 4 „ 5 ; 

and the least common denominator is2x3x3x4x5 = 360, as 
before. 

133. To transform the proposed fractions into others, having 
360 for their denominator, it is merely necessary to multiply the 
terms of every fraction by the quotient resulting from dividing 
360 by its denominator. 

Now, 6 is contained in 360, 60 times; therefore, 4 = ^^ ^. ^ = iU, 

^ 60x 6 ^'^ 

8 „ 360,45 „ t=l|^=|-i4. 

18 „ 360,20 „ ^. = |^=««. 

24 ., 360,15 „ « = 1|^=.HJ. 

45 „ 360, 8 „ ||=..|^=.| 
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Add together 5J, 17f, 7J, 8», 1'2|, lejj. and I3f . 

m T% 

Here we notice that 2 and 4 are contftined in 8, 3 in 6, and 5 
in 20 ; thus, we have only to consider 6, 20, and 8 to determine 
the least common denominator : — 

2 )6 „ 20 „ 8 
2 )3 „ 10 „ 4 

Therefore, 2x2x3x6x2 =120. Transforming all the fractions 
to this denomination, and adding together the numerators, we 
find ^JJ, or 4Ji. Put down JJ in the column of the fractions, 
and the 4 is added with the wholes, and we find the sum to 
be 82}i. 

134. EXERCISES. 

1. What is the sum of i, i, and J ? i, f , J, and | ? 

2. Add together 3 J, 4^, 5^, ^i, and 1 J. 

3. Find the sum of 3i + 7ii+124i|+14i|+196H. 

4. A draper has 4 pieces of black cloth, the first contains 32^ 
yards ; the second, 25^ yards ; the third, 44| yards ; and the 
fourth, 36tV yards. How many yards are there altogether. 

6. A workman performs, in 5 days, a work which it takes 
another 8 days to do. What part of the work would both 
together perform in 1 day ? 

6. In an army, the cavalry equal ^, and the artillery -^ of the 
infantry. What part of the infantry are the cavalry and 
artillery together ? 

7. A weaving machine makes, the first day, ^^ of a piece of 
cloth ; the second day, tj*^ ; the third day, ^\ ; and on the 
fourth day, iJ. How much has been done during these four 
days? 
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8. Two persons, intending to meet, start at the same time, from 
two different towns ; the first could perform the distance in 8 
days, and the second in 9 days. What part of the distance 
will they have achieved in 2 days ? 

9. Water is admitted into a reservoir through four apertures; 
the first would fill it in 24 hours, the second in 36 hours, the 
third in 30 hours, and the fourth in 40 hours. What part of 
the reservoir is filled up in 1 hour ? Also in 3 hours ? 

10. A requires 5^ yards of cloth for a coat, 2f yards for a pair 
of trowsers, If yards for a waistcoat, and -j\ yard for a pair 
of gaiters. How mucli does he want altogether ? 



SUBTRACTION OF FRACTIONS. 

135. From a piece of cloth, ^ yard long, a tailor makes use of 
|. How much remains ? 

We are led by the question to subtract | from |, viz., to take 
away the numerator of the lesser from the numerator of the 
greater, then | — 1 = J. 
Also, ^i,— tV=tV or i ; if--^V=TV; H— « = A or |. 
From 13 J From 194^| 
Take 7* Take ITGyy 

Remainder 6f or 6f Remainder ISy'^ or 18^ 

136. A performs -Jf of a work whilst B does J of it. How 
much does one perform more than the other ? 

Evidently, the lesser work must be taken away from the 
greater ; but it happens sometimes that there is some difl&culty 
in ascertaining at once the greater of two fractions, which have 
different denominators ; the difficulty is easily removed by re- 
ducing them to the same denominator, and then the lesser is 
subtracted from the greater as before. Now, we find that -Jf 
=iJ}» Mid *=iii ; therefore, H—^=iii—iii=TU=the 
difference between tlie work performed by A and by B. 

In like manner: ^-V— J = H— /t = ^\; i— f=J|— H = H. 

137. Let it be required to subtract 5^ from 11|. 

1st method: HJ— 5i= V— V = Y— V = V = 6i. 
2nd method : 1 1 i— 5 J = 1 1 J— 5 1 = 6^. 
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Find the difference of 17f and 14^. 

Ist method: 17|— 14^=149— 4^ = 9^7^— (^y = iyY = 2|j. 
2nd method : 17J— 14f = 17{1 — 14^1 = 2^ ; 

or this method may be put under the following form, as in 
addition : — 

i7f a 

IH u 

Since |f cannot be subtracted from |^, we add 1 whole to 
1^ and ii+ii=iii from which |J islnken away, the remainder 
is {f ; now, add 1 to 14, (because 1 was added to the top 
quantity,) and we say 15 from 17 leaves 2. 

138. EXERCISES. 

1. Required, the difference of i and f ; of^^ft: and ^VV ; of ^^ 
and ^ ; of f J| and i^- 

2. Subtract 6^ from 8i ; 17| from 22 J ; 12|* from I6{{. 

3. Find the value of *+f— J; H— }+*— * ; 2*+7t-^| 
— 4ii. 

4. Find the value of 1_}^4^— 3^+144— 9f — 1+ J. 

5. 4 of an oil barrel is emptied. What part remains ? 

6. tV of a work is achieved. How much remains to be done ? 

7. The first day A performed ^ of his work ; the second, J. How 
much has he to finish ? 

8. From a piece of linen, 30 J yards long, 6 J yards+7f + 10| 
were sold. How much is there left ? 

9. A jar weighs 5 J lbs., when filled with water it weighs 36 J lbs. 
The weight of the water is required. 

10. ^ of a pole stands in the ground and ^ in the water. How 
much is there above the water ? 

11. A basin would be filled in 7 hours by a tap, and emptied in 
10 hours by a pipe. If both tap and pipe be opened at the 
same time, when the basin is empty, how much water would 
it contain at the end of 1 hour ? 

12. The sum of two numbers is 7 J ; one is 2^. The other is 
required. 
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13. If I had If acres less land, I should have If acres more 
than you, who have 15^ acres. How many acres belong 
to me? 



MULTIPLICATION OF FRACTIONS. 

139. Under this head, we have the following cases : — 

1st, to multiply a fraction by a whole number. 
2nd, to multiply a whole number by a fraction. 
3rd, to multiply a mixed quantily by a whole number. 
4th, to multiply a whole number by a mixed quantity. 
5th, to multiply a fraction by a fraction. 
6th, to multiply a mixed quantity by another. 
7th, to multiply a mixed quantity by a fraction. 
8th, to multiply a fraction by a mixed quantity, 

140. 1st, to multiply a fraction by a whole number. Let it be 
required to multiply f by 4. 

From the definition of multiplication (§ 65), we have to repeat 
^ as many times as there are imits in 4. Now, we know that 
4x2 = 8; and since f are 9 times less than two wholes, 4 x f 
= 9 times less than 8, or f. 

Therefore, to multiply a fraction by a whole number, multiply 
the numerator by the whole number, and divide the product by 
the denominator. 

141. 2nd, to multiply an integer by a fraction. Multiply 
8 by 4. 

If it were necessary to multiply 8 by 6, the product would 
be 48 ; but 8 must be multiplied by ^, or by a quantity 7 X 
less than 6 wholes. Hence, the product must be 7 X sinaller, 
or V® = 6^. 

Therefore, to multiply an integer by a fraction, the integer 
must be multiplied by the numerator, and the product divided by 
the denominator. 

142. These two cases often admit of contractions which must 
not be neglected. For instance, multiply ii by 8. 

Here we have 8 x i J=?2iil=£2iiiiii ; but (by § 102) to 

12 3x4 
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multiplj the numerator and the denominator by the same 
number does not alter the value of the fraction ; therefore, 

ax4xll^22<ll = a^« = 7i. The contraction consists, then, in 

canceUmg a measure common to the terms. 
Al80. *xl8=^i»=l^=16. 

143. drd, to multiply a mixed quantity by a whole number. 
For instance, 7^ by 12. Every mixed quantity may be trans- 
formed into an improper fraction ; therefore, the question is, 

12x7|=i^^i2=93|. Thus, we have to reduce the mixed 
5 

quantity to an improper fraction, and proceed as in case 1 ; or, 

since 12x7^ = 19x7 + 12x^ = 84+ V = 84+9| = 93| ; that 

is to say, to tie product of the integer of the mixed quantity by 

the multiplier, add the product of t£e fraction by the multiplier. 

Example: 15x6}. 

1st method: 15 x 6}= ^^ ^ ^^ = 8^=103^. 

8 

2nd method : 15 x 6}=15 x 6+ 15 x ^=90+13}= 103}. 

144. 4th, to multiply a whole number by a mixed quantity. 

Multiply 10 by 14 J. Eeducing the mixed quantity into an 

59 y 10 
improper fraction, we have: 14J = Y; then, 14f xlO= — -- — 

4 

=:i?2ii=Ap = 147i. Another method is this: 14JxlO== 

14xl0+fx 10 = 140+ V = 147i. 

Therefore, reduce the mixed quantity to an improper faction, 
and proceed as in case 2 ; or, add the product of the integer and 
multiplicand to the product of the firaction and multiplicand. 
Thus:— 

1st method: 94x8=^i2i5=H^ = 78}. 

6 

2nd method: 94x8 = 9x8+ix8 = 72 + 6} = 78f. 

145. 5th, to multiply a fraction by a fraction. Multiply i 

If it were required to multiply i by 2, the result would be 

2x3 

: but, by the question, | must be multiplied by a quantity 
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5 times less than 2 wholes, aud (by § 99) it is known that a 
fraction is made 5 x less by multiplying its denominator by 5 ; 

therefore, |x}=5 times less than , or =i%- 

Therefore, multiply the numerators together for the numerator 
of the product, and the denominators together for its denomi- 
nator. 

Thus, the product of J by ,^5 = J J. 

146. 6th, to multiply a mixed quantity by another. Multiply 
H by 2}. 

3jx2}=vxf=v=8i. 

Thus, we see that, after having reduced the mixed quantities 
to improper fractions, we proceed as in case 5. 

The multiplication might have been effected by multiplying 
3 by 2, J by 2, i by 3, and J by J, then adding those four 
products ; but this operation would be much longer. 

Example : Multiply 5f by 7^1- 

1st method : 5 J x 7^1 = V X W = ^^Wt- 

2nd method: 6x7+f x7 + 5xii + tXi| = 35 + 2t+4A 

147. The 7th and 8th cases are easily explained, by § 146. 

148. We know that ix 6 = 3 ; also, i of 6 = 3. 
Therefore. ix6=^of 6. 

Likewise, fx 8= V = 5i; also, f of 8=2xi of 8=2x| = 
Y = 5i. Therefore, f x 8 = f of 8. 

Since ^xj = |, and J of J = f ; therefore, ixJ = J of f. 
Likewise, since 4 Xj= ft ; also, i of i=bxi of J=5Xt\= 
Jl ; therefore, 4 X ^=4 of J. 

From these different examples, it follows that the word of^ 
connecting two fractions, is equivalent to the sign x . 

149. When the word of connects two or more fractions, it 
is usual to call such an expression a compound fraction. Thus,. 
} of i of f is a compound fraction. 

150. It is sometimes necessary to find the result of a quantity 
expressed thus : iof^xl of 7jx|. By what has been said 
before, it may be written in this manner: iXiX|X Vx*= 

8x7x2x31x5 Cancelling .the fectors and the measures 
5x8x5x4x6 

7 X 31 
common to the terms, we have: - — - — - — ^=Hi='hVs' 



FBACTIONS. 57 

s 

151. The expression I is simplified by multiplying the nu- 

merator and the denominator by a common multiple (the least is 
preferable) of 3 and 5, or 15 ; thus, 15 X | = 10, and 1 5 x ^ = 12 ; 

2 

therefore, I = 4-ft = 4. 
i 

152. It is observed that, in the multiplication of fractions, tiie 
product of two quantities is often less than either quantity. 
Now, this ambiguity, when compared with the multiplication of 
whole numbers, is easily explained. We know that 1 X a quan- 
tity = that quantity ; for instance : 1 X J = } ; and since fractions 
are less than 1, f multiplied by a quantity less than l=le88 
than f . Example : J x J = f . 

153. BECAPITULATORY EXERCISES. 

1. Multiply 4 by 36; 5 by ^ ; ihj^^; 7 by 6^. 

2. Required, the product of^xfXjxH. 

3. Multiply together j x ^ X 6J of i- 

7f 

4. Find the value of M of 7J of li x ^• 

^ ^ 3* "^ 14* 

5. Find the product of 24f x 12 J^ X 27^^ X t\. 

6. What is f of ^680 ? 

7. How much is | of 3^ ? 

8. Required, the fj of 750. 

9. Find the sum of ^ of d640+f of the same sum. 

10. I paid £l of £36, and my debt was | of £74^. How much 
do I owe still ? 

11. A does, on the first day, i of his work ; on the second, | of 
the remainder. How much has he yet to do ? 

12. A pump gives daily 64^ gallons. How much will it give in 
6i days ? 

13. On the first day, A performs ^ of his work ; on the second, 
J of the remainder ; on the third, ^ of what is left ; and on 
the fourth day, he finishes it. How much did he do on the 
last day? 
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14. I spent i of l+i of I of what I had, and I have dglO left. 
How much had I ? 

15. With £l, 4^ yards are bought. How much can be bought 
for £^. 

16. A traveller had to go 144 miles in 3 days ; on the first day 
he went | of the way ; on the second, i. How many miles 
did he travel each day ? 

17. 6 lbs. of copper are melted with 4 lbs. of tin. How much 
of each metal is there in | lb. ? 

18. A room is 34| feet in length, and 17| in breadth. Find its 
area, or the number of square feet in its floor. 



DIVISION OF FRACTIONS. 

154. We are enabled to make as many cases in division as 
were made in multiplication. 

1st, to divide an integer by a fraction. 
2nd, to divide a fraction by an integer. 
3rd, to divide an integer by a mixed quantity. 
4th, to divide a mixed quantity by an integer. 
5th, to divide a fraction by a fraction. 
6th, to divide a mixed quantity by a fraction. 
7th, to divide a fraction by a mixed quantity. 
8th, to divide a mixed quantity by another. 

155. 1st, to divide an integer by a fraction, as 4-7- 4. 

Now, 4-r-|=-= ■ =4j. If 4 were divided by 5, the 

result wbuld be 4 ; but 4 is to be divided by a quantity 6 times 
less than 5, viz., | ; therefore, the quotient must be 6x4, 
or4f 

Therefore, to divide an integer by a fraction, multiply the 
integer by the denominator of die fraction, and divide by the 
numerator. 
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156. To divide a fraction by an integer, as 2 -^ 5. 

Here J-5-6=2-_ =^0- When 7 is to be divided by 6, 

6 5x8 

the result is f ; but when }, or a quantity 8 times less than 7 

is to be divided by 5, then the quotient must be 8 times less than 

Therefore, to divido a fraction by an integer, multiply the 
integer by the denominator, and divide the numerator by the 
product. 

Thus: j^8=,V=T^f; it-M0=TV5- 

157. drd, to divide an integer by a mixed quantity, as 
6t-3|. 

We have 6-^81 = 6^ V=-^=!?=m- 

Having reduced the mixed quantity into an improper fraction, 
the explanation is like case Ist. 

The quotient of 12-5- 164= 12-r V =~= J?. 

V 

The quotient of 127-ra4j = 127^i^^=i±i=:|JJ = 5TV4. 

158. 4th, to divide a mixed quantity by an integer, as 4}-f-7. 

Here 4f^7= V-5-7= JL=|. 
' ' 3X7 ' 

When the mixed quantity is transformed into an improper 
fraction, we have y -r 7, which brings it under case 2nd. 

Ex. Divide 5| by 9. We have 5^-^9=V-5-9=*f 

„ 36Jbyl2? „ 36t-M2 = H^.i.l2=W = 3JV- 

159. 5th, to divide a fraction by a fraction, as {[^-r|. 

If 7 were divided by 5, the quotient would be -J ; then J, a 
quantity 9 times less than 7, when divided by 5, gives a quotient 
9 times less than }, or ^ ; but if J be divided by t, a quantity 
8 times less than 5, the result must be 8 times larger tlian ^, 
orH = lU. 

Thus, 7 -5- 5 = J ; therefore, J t- 5 = ,\ ; and, therefore, J -5- f 

= »« = !«. 

Therefore, to divide a fraction by another, multiply the 

numerator of the dividend by the denominator of the divisor, and 
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divide the product, by the product of the numerator of the 
divisor by the denominator of the dividend. 

160. 6th, to divide a mixed quantity by a fraction, as 3f 
Now, 3|4-4=V«H-*=;^=W = 4A- 

0X0 

After the mixed quantity has been reduced to an improper 
firaction, we proceed as in case 5th. 

161. 7th, to divide a fraction by a mixed quantity, as f — T}. 

Evidently, :t-7| = l- V = ^^=T^rV 

This case is like case 5th^ after the mixed quantity has been 
transformed into an improper fraction. 

162. 8th, to divide a mixed quantity by another mixed quantity 
as 2}-i-54. 

We know that 2}-5-5*= y -5- V =/A = **. 

Here we are led again into case 5th, fdfter having reduced both 

mixed quantities to improper fractions. 

163. BECAPITULATOBY EXEBCISES. 

1. Find the quotient of 17-t-}; iJ-5-12; 36-r7J; 15^-^9; 
A-^l; 4*^1; «-^8i; 15^--4^. 

2. Required, the quotient of (J+|)^} ; (2J — })-5- IJ ; (i of di) 
-5-5*; 43i^(2Jof^). 

3. Divide iii by ?ii; (Jl of a) by^ of 15. 

15i ^ 36f Vsi* "y ^ 3J 

4. Whatistheresultof (ixHXl6)-r.(fxllixl5)? 

6. „ (44 + 1} of ^-^)-.(tof36j)? 

6. Fmd the value of 4|+| — ^-f-3J-^l^. 

8. Simplify the expression (4^ + i — |) X 1 6^^ -5- 4f . 
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9. Reduce \*~J! ' (3* — lXH)-^(3»+3lxj) to their 
simplest expressions. 

10. Determine the value of { (18t + 17+4t8|)-(34i + 260}7t. 

lit 

11. Prove that the expression (M±Ii±irJ:Hi^ IOq. 

13. Find the value of 

H 

13. 36 is the product of two numbers, one of which is 10}. 
Required, the other. 

14. If ^ of a railway share cost J^dO|, how much will one share 
cost ? 

15. In 5} hours, a* wheel makes 11500 revolutions. How 
many revolutions are made per hour ? 

16. The { of } of a sum of money is 36}^. What is the sum ? 

17. A man gave away i of his money and had £2} left ? How 
much had he ? 

18. The area of a rectangular field is 892| yards; its breadth 
is 32{ yards. Required, its length. 

19. A can perform a piece of work in 5 J days, B in 7^ days, 
and in 9^ days. In how many days wUl the three do it 
together? 

20. It is required to place five persons, A, B, C, D, and E, 
according to their statures ; A is 6^ feet high, B is } of A's, 
C is f of B*s, D is t of 0*s, and E is f of D*s height. 

21. Three contractors propose to dig a canal ; the first could do 
it in ) of a year, the second in I of a year, and the third in 
{ of a year. In what time could the three contractors do it ? 

22. How many yards of linen, } yard broad, would be required 
to line 48 yards of cloth, | broad. 

23. Two men, 225 miles apart, start at the same time, to meet 
each other ; A goes 5 miles per hour, and B goes 6 miles per 
hour. In how many hours will they meet ? 
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24. The difference between i and } of a nomber is 20. What is 
the nomber ? 

25. A ship's crew has 15 days* provisions, bat circumstances 
oblige them to be at sea 20 days. To what must each man*s 
daily allowance be reduced ? 

26. A post is coloured so that i of it is white, | black, f 
blue, and the 12 remaining feet are red. The length of the 
post is required ? 

27. A cistern has two feeding pipes ; the first fills it in 2 hours, 
the other in 3 hours ; the water is let out throng a tap, that 
empties it in 1|^ hours. Suppose the cistern empty, and the 
two pipes and the tap act at the same time, how long will it 
take to fill the cistern. 




PART IV. 



DECIMAL FRACTIONS. 

164. In the common system of numeration, it has been shown 
that a figure has a value ten times smaller than if it occupied the 
place on its left side ; the same law being extended to the right 
side of the units (after which let a point be placed), we shall 
find that the first figure next to the units expresses tenths, the 
second hundredths, the third thousandths, &c. 

Thus, 4.4 signify 4 wholes and y^ ; 34.07 is the same as 
U-jijf ; .507 is V^+ttjW or ^^Y 

175. Then, there are two ways of expressing a finction, 
(when the denominator is 10, 100, 1000, &c.,) either as a 
common fraction, or by writing the numerator after the imita* 
place, taking care to set a point between. 

166« Quantities of this kind, which are a part of unity, and 
whose denominator is 1, followed by one or more ciphers, which 
denominator, however, is not set down, are called Decimal 
Fra^ctions. 

167. Therefore, in decimals^ the figures after the point express 
the numerator ; and the denominator, which is not set down, is 
always 1, followed by as many ciphers as there are figures after 
the point. 

168. It will be well to exercise the pupils upon the following 
scheme, and make them find the value of the figures, taken 
singly or combined together, in each line, the middle column 
being that of the units. 
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Ascending. '3 Descending. 



1111111111111111111 

3333333333333333333 
4444444444444444444 
55555555 5 5 55556555 5 
6666666666666666666 

7777777777777777777 
8888888888888888888 
9999999999999999999 

Thus, we perceive that 3 in the units' place has a value of 3 
units; moved one place te the left, its value is 10x3 or 30; 
and moved one place to the right its value is one-tenth of 
3, or 3 tenths, and so on. 

169. If it were required to write one-tenth, without integer, 
the expression would be .1 ; one hundredth, .01 ; one thousandth. 
.001, &c. Six-tenths would be .6; five hundredths, .05 ; eight 
thousandths, .008, &c. 

170. Read and write down the following quantities : 3.6, 
50.24, 36.07, 19.004, 31.042, 124.103, 95.0003, .6007, 1.011, 
7.00042, 17.200042, 5.00024, 95.0000241, 7.07081* 

171. Now, let us notice what alteration takes place in the 
value of a decimal, when one or more ciphers are added to it, 
thus : .4, .40, .400, &c. If these fractions be expressed as 
common fractions, we have ; -jV, -^y^, TVy\y» which are evidently 
of the same value. Therefore, ciphers annexed to the right of a 
decimal have no effect upon its value. Then, .5 = .50 = .500, 
&c.; .26 = .260; .005 = .0050 = . 00500, &c. 

172. These properties of decimals show us at once their 
advantages over vulgar fractions, for the tedious process of 
reduction to the same denominator is here done away with, since 
decimals which have the same number of figures, have the same 
denominator. The following examples will illustrate this: — 
5.9, 4.24, 7.0072, are the same as 5.9000, 4.2400, 7.0072, 

173. If ciphers be prefixed to the left of a decimal, after the 
point, what effect has it on its value ? Let .7, .07, .007, &c., be 

the fractions. 
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We know that .7=1?^; .07 = t}b, .007 = ^^^, Ac.; each 
fraction heing one-tenth part of that which immediately precedes 
it. Therefore, every cipher affixed to the left hand of a decimal, 
after the point, decreases its value ten-fold. 

174. This property leads us to a brief method of multiplying 
and dividing decimals by 10, 100, 1000, &c. Take, for instance, 
24.345, and let the point be moved two places to the right, we 
have 2434.5. Now, 24.345 = «t^V» and 2434.5 = i^ijtJi ; 
hence, we see that the second fraction has 100 times the value 
of the first, because its denominator is 100 times smaller. 

175. On the other hand, let the point be moved one place to 
the left, then 24.345 becomes 2.4345 ; and, since 24.345 = 
^AfAf* ^^^ 2.4345 = I Jg J J, we perceive that the second fraction 
has a denominator 10 times larger than the first; therefore, the 
last fraction is 10 times smaller. Hence, a decimal is multiplied 
by 10, 100, 1000, &c., if the point be shifted one, two, three, Ac, 
places towards the right ; and, conversely, a decimal is divided by 
10, 100, 1000, &c., if the point be shifted one, two, three, &c,, 
places towards the left. 34.63x10 = 346.3; 1.14x100=114; 
63.2304x1000 = 63230.4. 241.63-5-10 = 24.163; 354.2-5-100 
= 3.542; 763.9 -5- 1000 = .7639. 

176. To ascertain the greater of two decimal fractions, it is 
not the number of figures which must be considered, but their 
magnitude and position. Thus, .4<.51; .7>.5432; .005 > 
.00087; .09<.l; .548 >. 5437. 

177. Suppose it were necessary to express a vulgar fraction by 
a decimal. In every fraction the numerator may be considered 
as the dividend, and the denominator as the divisor; | for 
instance, signifies 3 divided by 5. If we affix decimal ciphers to 
the numerator, we have: |=»^ = i^ = .6; for 5 not being 
contained in 3 units, is contained in 3.0 or 30-tenths, 6-tenth8 
or .6. 

To reduce t to a decimal fraction :— 

8)50(.625 

48 

20 

IL 

40 
40 
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In this example, 8 is not contained in 5, but it is contained 
in 60 tenths, 6 tenths and 2 over, which is altered into 20 
hnndredths l^ the addition of a cipher ; 8 is contained in 20 
hondredths, 2 hundredths, with the remainder 4, which becomes 
40 thousandths by adding one cipher, and 8 in 40 thousandths 
gires 5 thousandths times exactly; therefore, |= ftooff = .625. 
Hence, to reduce a vulgar fraction to a decimal, divide the 
numerator with as many ciphers added to the right of it, ad are 
necessary, by the denominator, and the quotient will consist of as 
many decimal places as there are ciphers added. 

178. Transform the vulgar fractions J ; J^ ; J§ ; |f| ; JJ|f ; 
^^ to decimals. 

179. It sometimes happens that the division will not terminate, 
but the same figures will recur over again perpetually. 

Ex. V = 75-5-9 = 8.388, &c.; f = .4285714, &c. ; ,^^=.2777, 
&c. 

Decimals of this kind, in which the figures are continually 
repeated in some certain order, are called recurring, repeating, or 
eireuUUvng decimals ; the part repeated is termed the period or 
repetend. 

The circulating decimal is pure when the period begins imme- 
diately after the point, and mixed if it consists of a nonrecurring 
and a recurring part. 

The period is distinguished by points placed over the first and 
last figures of the repetend, and the above results become : V = 

8*3; 4 =.428571; A = .27. 

180. The operation of determining a long period of a decimal 
whose denominator is large, is shortened by the following 
process : — 

Let -fff be the fraction to be converted into a decimal. 

By division we find that j\ = .062QSfy ; 

therefore, tV=3 X .05268tV=16789W ; 

and hence. tV =052631 5 789^*^ ; 

again, W = ^X .0526315789VV = .4736842105T«t; 

and, therefore, yff = .06263157894736842105T«t ; 

hence, W = . 421 05263157894736842. 

Then the period comprises 18 figures. It will have been ob- 
served, that throughout the process, the period consists of the 
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same figures, whatever the numerator of the finaction is, though 
they do not begin with the same figure. 

181. EXERCISES. 

Express as decimak: i; i;i; W; ii> W» ii'f ^A; '^^ ; i 

of i ; I of i ; A of ii ; *; t; A; H; A; H; »; *V; V; 17A. 

182. Let it be required to reduce a terminating decimal to a 
vulgar fraction. 

Since the decimal is the numerator of a common fraction, 
whose denominator is 1, to which as many ciphers are added as 
there are digits after the point. Therefore : 

.5=T*iy = i; .75 = T%=i; .048=Ti8Tj = TfT; 64.6= W 

183. EXEBCISES. 

Convert the following decimals into vulgar fractions: .125; 
.30; .65; .72; .945; .97; .705; .075; 7.245; 9.027; 16.00075; 
18.1642. 

184. It has been explained how to reduce any vulgar fraction 
to a decimal ; the converse is, therefore, true. Any decimals, 
whether pure or mixed recurring, can be represented by a vulgar 
fraction ; we shall now determine a method to find the exact 
value of a circulating decimal. First, of a pure recurring 
decimal: 

By dividing, we find that ^=1111, &c. = .i ; hence, .1 is the 
decimal equivalent to ^. 

Also, f =.2222 &c.=.2 ; hence, .2 is the decimal equivalent to |. 

i=.3333 &c. = .3 „ .3 „ „ f. 

t=&c. 
Hence, every pure recurring decimal, having one figure in the 
period, is equivalent to a common fraction, whose numerator is 
that figure and the denominator 9. 

Again, ^=.010101 &c. = .01 ; consequently, ^=.0202 Ac. 
= 02; H=5^; JJ = .74. 

Hence every pure recurring decimal, having two figures in 
the period, is equivalent to a common fraction, whose numerator 
is composed of those figures, and the denominator 99. 

Likewise, uJy = .001001 <fec. = .6oi, and ^f J=.754 &c. 

Similarly, 7^0 5 = .00010001 &c. = . 0001*, and jf j}=.235e <fec. 
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Hoice it follows that any pure circuladng decimal is equi- 
Talent to a vulgar fraction whose numentM' is the pmod, and 
denominator as many 9 s as there are figures in the period. 

Thus: .963 = 8}*=iTT ; i569 = tHJ=/,Vj : .000729 = 

185. Secondly, when the recurring decimal is mixed. 

Such a decimal may always be decomposed into the sum of 
two Tulgar fractions. 

F. ftA- • _i,^ - 8x9H-5 __ 8(10— l)H -5 80+5— 8 

?^~^ = U. Therefore, .85 = H- 
90 

In the same manner, .8367 = ^^+,8^^ = ^^^^^^'^ = 

83(100— 1)+67 _ 8300-h67— 83 ^3^3, _,^,, 
9900 9900 S««-«ti- 

.319306=,«A + ,mja=5i^^^???±?^ = 
loo I vvvvuo 999900 

31(10000— 1)+9306 _ 319306— 31 _^,^,,^_,,, 
999900 999900 ^*"*»-«t- 

From the consideration of the preceding examples, we infer 
the following law : — 

To find the value of a mixed recurring decimal, take for the 
numerator the difference between the number expressed by the 
mixed decimal, and that expressed by the non-recurring part, 
and for the denominator as many nines as there are recurring 
figures followed by as many ciphers as there are non-recurring 
figures. 

186. Another method, for the reduction of a recurring decimal 
into an equivalent vulgar frraction, which is well adapted to prac- 
tice, is the following : — 

Let .7 be the decimal ; any symbol x may be used to 
represent the 'value required. 

Then, a? =.7777 &c. ; 
also, 10 a;= 7.7777. 
And subtracting the former from the latter, we have : — 

lOx— a:=7.7777 &c. — .7777 &c. ; 
or, 9a?=7 ; 
therefore, ar= J. 
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Let, also, .72 be the decimal ; 

then, x=,m ; 

also, 100a:= 72.72; 
therefore, 100a? — a:, or 99a: =72 ; 
and a;=JJ = T\. 

Again, let .3176 be the decimal; 

then, a? =.3 176; 
also, 10000a?= 3176.3176, 
and 9999a: =3 176; 
therefore, a: =}J^Jf. 
From these several examples, we arrive at the same conclusion 
as in § 184. 

187. If the decimal was .38, let a; represent, as before, the 
fraction required ; * 

then, a: =.38, 

and 10aj=3.8 ; 

also, 100a:=38.8. 
Subtracting the second line from the third, we find : 

90a?=35, 
and a:=|J=TV 
Also, let .09009 be a decimal ; 

then, a: =.09009, 

and 100a:= 9.009; 
100000a:= 9009.009. 
By subtracting line two from line three, we. have : 

99900a: =9000, 

From which example the same inference is drawn as in § 185. 

188. EXEBOISES. 

1. What are the least vulgar fractions equivalent to .6; .53; 
5926? 

2. Required, the least vulgar fractions equivalent to 4.7543; 
.000444; .0227. 

3. Convert .027 ; .6761904 ; 9.37024 into vulgar fractions. 



70 COUBSE OF A&ITHMBTIC. 

ADDITION OF DECIMALS. 

189. The addition of decimals is performed like simple 
addition, taking care to set the figures in their respectiye 
places. 

Suppose we are to determine the sum of 4852.791, 4.00745, 
2.7, .049. 

4852.79100 

4.00745 

2.70000 

.04900 



4859.54745 



Haying set the numbers under each other as mentioned, and 
reduced to the same denominator or not, we proceed to add up, 
beginning at the right, putting the point in the sum under those 
of the quantities proposed. 

190. If there were recurring decimals in the quantities to be 
added up, we should repeat the longest period twice, and some- 
times two or three places more, and bring all the others to the 
same denomination, or reduce into Tulgar factions the recurring 
decimals, and the sum of all these is reduced to a circulating 
dedmaL 

Thus, find the sum of 71.4+6.72+l8.703 + .472+.6i8i 

+. 64629. 



71.444444444 
6.722222222 

18.703703703 
.472222222 

.618118118 M6 = Hi =iHm 

.646296296 .769230 = ^Hf ft = Hf H» 



Requited, the sum of .3, .945, and .769230. 
3 = 4 — »«>||| 

,0 — y — 999999 



98.607007006 VWW =2.04851004. 

or 98.60700 
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SUBTRACTION OF DECIMALS. 

191. We must observe the same order as in addition, in 
setting down the figures, and proceed as in simple subtraction. 
Find the difference of 100.011 and 2.07568 : 

100.01100 
2.07568 



97.93532 



192. When the operation is to be performed with recurring 
decimals, we must cany out the periods sufficiently, viz., twice 
the longest period, and two or three places more. 

Ex. From 5.8300 From 3.34242 

Take 4.1777 Take 1.75555 



1.6523 = 1.652 1.58687 = 1.586 

Or we might convert the decimals into vulgar fractions, and 
having found the difference and reduced it to a decimal, it will 
be the answer required. 

E3t. Find the value of 82.8546—8.72. 
Here 82.8546 =82.fHf, and 8.72=8H=BHH; therefore, 
82J|^#— 8HH=T'4HJ*=74.1274. 

198. BXBRGISBS IN ADDITION AND SUBTRAOTION OF DECIMALS. 

Find the value of : 

1. 8400+5.2007 + 18.63752+.08 + .000001 + 1.1 + 17.34. 

2. .4+.67+273.14i56 + .357 + 6.53425 + lll.l. 

3. 9.9 + 76320.0234 + 96.16+ 2372.334 + 1954.00075 + 6.3997. 

4. Five ten thousandths + seven thousandths + eight tenths + 
twenty-five thousandths -j- four hundreths+two thousandths. 

5. Three thousand and five hundredths -f forty-five tenths + three 
hundred and fifty-five thousand and twenty-nine hundredths + 

^ two hundred thousand and twelve thousandths + forty-nine 
thousand and forty-seven tenths. 

6. Find the value of 3.4— .045 ; 496.02—1.0046 ; 1.2— .5673. 

7. From .94501 take .627 ; from .725365 take .367473. 
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8. From 11.036 take 6.0575. 

0. From 27 tenths take 7984 ten thousandths. 

10. Take 4036.690 from 5658.605. 



MULTIPLICATION OF DECIMALS, 

194. We shall have three cases to consider. 

1st, when both fractions are terminating. 

2nd, when one fieictor is finite and the other recurring. 

3rd, when both factors are recurring. 

195. First, to multiply 43.7 by 3.91, we must observe that 
those quantities are equivalent to W ^^^ Hi > ^^^ ^^ know 
they mil be multiplied if the product of the numerators be 
divided by the product of the denominators ; 

then, 43.7 x 3.91 = \V X 4*i= ^^Jfti' = 170.867. 

Therefore, the product of two decimals is found like the product 
of two integers, and point off from the right of the product 
as many places of decimals as there are decimal places in both 
fiactors. If the number of places in the product is not sufficient, 
as many ciphers must be placed at the beginning as will make 
up the deficiency. Thus : 

2.4542 6.14 .04 

.0053 4.06 .007 



73626 3684 .00028 

122710 24560 



.01300726 24.9284 

196. Secondly, find the product of 7.35 and .54. 

Here we have 7.35x.54 = 7.35xi} = 7.35XTSr=*Tt^*' = 
4.009 ; or 7.35 x. 54 =7.35 X. 545454, &c.= 4.00908690. 

Thus, we may either reduce the recurring decimals to a vulgar 
fraction, and midtiply as in (§ 141), then convert the product into 
a circulating decimal ; or multiply as in the first case, taking care 
to take a si^cient number of periods to ascertain the period of 
the product. 
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197. Thirdly, find the value of 3.36 x. 03485. 

We have : 3.36 x. 03485 = 3HX^ffWff = -fi X T*Hff = 
AVVtV = •! 17234450718. 

The method in which yre reduce both factors to vulgar 
fractions ia. shorter than the other, because it is necessary to 
repeat the periods many times, in order to obtain anything like 
an approximate value. 

198. In the generality of problems, it is sufficient if the 
result be correct within a certain number of decimals, much less 
than those obtained by the multiplication of the fieu^tors. It 
would then be of a great advantage could we establish a 
method, by means of which the figures required, alone could be 
obtained. 

199. Let it be proposed to multiply 34.253467 by 5.4637, 
retaining only three decimal places. 

Then we have only to notice, in the several multiplications, 
the thousandths, the hundredths, the tenths, the units, &c. ; but 
it will be well to mind the ten thousandths, or the fourth place 
of decimals, on account of their influence on the thousandths, 
.or third place. 

Let us now reverse one of the factors, the midtiplier, for 
instance, which becomes 7364.5 ; then place it under the multi- 
plicand, so that 5, the units* place, be under the ten thousandths 
of the multiplicand, and the tenths' place shall necessarily be 
under the thousandths' place of the multiplicaad, the hundredths 
under the hundredths', and so on. 

By this method, every figure of the multiplier is placed under 
a figure of the multiplicand, the product of which figures pro- 
duces ten thousandths. 

34.253467 
7364.5 

1712673 

137014 

20552 

1027 

240 



187.160)? 

This being granted, we proceed to multiply as usual, beginning 
each figure of the multiplier vdth the one above it. We then 
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say, 5 X 4 == 20, and 8 carried, for 5x6, make 23 ; 3 is set down 
and 2 carried ; the rest of the multiplication by 5 proceeds in 
the usual way. Then, in multiplying the multiplicand by 4, 
we add 2 to the product, because 18 is nearer 20 than 10, and, 
therefore, it is nearer the truth to carry 2 than 1 ; and this 
result is placed under the former one, so that the last figures 
are under one another, since they both express ten thousandths. 

Proceed in the same manner with regard to the other figures 
of the multiplier, not neglecting to arrange the partial products, 
so that their last figures may stand in the same column. The 
sum is found as usual ; foiur places are marked off from the 
right for decimals, and the last is omitted, since only three 
decimal places are required. 

Ex. Multiply 763.05403678956 by 254.4630578, so that the 
decimal in the product may contain five figures, or be correct to 
.00001. 

763.05403678956 
8750364.452 

152610807358 

38152701839 

3052216147 

305221614 

45783242 

2289162 

38152 

5341 

610 



194169.06346^ 

In this example, the units' place of the multiplier reversed, is 
under the millionth of the multiplicand, and the other figures 
are easily set down, then proceed as in the last example. 

Ex. Multiply .681472 by .01286, so that the decimal in the 
product may contain five figures. 

.681472 
68210.0 

6814 

1363 

545 

41 



.00876J 
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Here a cipher is placed below the sixth place of the multi- 
plicand) because the multiplier contains no integer. Ciphers are 
set to the right of the product, to make up the decimal required. 

Ex. Multiply 2.656419 by 1.723, correct to 6 places. 

2.6564190 
3232327.1 

26564190 

18594933 

531284 

79692 

5313 

797 

53 

8 



4.5776270 



The multiplier has been carried out so as to ensure correctness 
to six decimal places. 

200. EXBBGIBES ON THE MULTIPLICATION OF DECIMALS. 

1. Find the product of 24.36 and 8 ; 97.25 and 100 ; 75.05 
and 1000. 

2. 25.75x3.5; 45.05x15.05; 60.007 X. 027; .03054 x. 023. 
8. Multiply 764.30456 by 75.74063; 80096.208034 by 6.00007, 

4. .345x46; 89.634x25; .0523 X. 74; .6936x2.36. 

5. Multiply 362.405 by .003 ; 8457.3 by 87.5 ; 8.46314 by 
6.032064. 



DIVISION OF DECIMALS. 

201. We shall consider the three following cases :— 

1st, when the dividend is a decimal and the divisor an integer. 
2nd, when the dividend is an integer and the divisor a decimal. 
3rd, when both divisor and dividend are decimals. 

202. First, when the dividend is a decimal and the divisor an 
integer. 
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Divide 487.83 by 21. 



21)487.83{23.23 
42 

"67 
63 

48 
42 



63 
63 



We find, first, the quotient of 48 tens, and 21, which is 2 
tens ; secondly, the quotient of 67 units and 21, which is 3 
imits ; thirdly, the quotient of 48 tenths and 21 is 2 tenths ; 
therefore, the decimal point must be placed before the tenths ; 
lastly, the quotient of 63 hundredths and 21 is 3 hundredths. 

Therefore, when the dividend alone contains decimals, proceed 
as in common division, setting the decimal point after the tenths* 
place of the dividend has been brou^t down. 

203. Secondly, when the dividend is int^er, and the divisor a 
decimal. 

Divide 951 by 4.5. 

9514-4.5 = VV=^Tf^ = 211.3. 

Also, divide 19 by .0024. 

194-.0024=^J|, = JJLaAiLa = 7916.6. 

Therefore, if the divisor only is a decimal quantity, annex to 
the right of the dividend as many ciphers as there are decimals 
in the divisor, and divide as in common division ; to the last 
remainder ciphers are added to get decimals, and the process is 
carried on to the approximation required. 

204. Thirdly, when both divisor and dividend are decimal. 

12.58164-4.7 = i^^f^ = yVWrf*='2.6769; or thus: 12.58160 
4-4.7 = 2.6769. 

In the first method we have multiplied both dividend and 
divisor, by such number as will make the longest decimal 
integer, and the division is performed as before, annexing 
ciphers to obtain decimals in the quotient. 

Or, by the second method, which is an abbreviation of the 
first, divide as whole numbers, attaching ciphers to the dividend 
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when necessary ; then the quotient will have a number of deci- 
mal places equal to the excess of the number of decimal places 
of the dividend above that in the divisor. 

205. This last law applies generally to every case in the 
division of decimals. 

Ex. 18.43 -5- .0768 Ex. 4444^.072266. 

.0768)18.43(239.97395 .072266)4444.00(61495.0322 
1536 433596 42 n^aWy 

5070 108040 

2304 72266 



7660 357740 

6912 289064 



7480 686760 

6912 650394 



5680 363660 

5376 361330 



3040 233000 

2304 216798 

"T360 162020 

6912 144532 

4480 174880 

3840 144532 

"640 303480 

289064 

144160 
144632 

206. If the divisor be a recurring decimal, it will be more 
convenient to reduce it to a vulgar fraction ; the dividend had 
better be imaltered when a recurring decimal. 

Ex ^^-5 _ a3-5 * 23.5x9 



Ex. 



A ~ i ~ * ~ 


' » w. 


'•3'0-4.8U8l. 




17.45 17.46 17.45x990 


_ 17280 



^ 17.40 1/.40 1Y.40XWVU I /'.iOU q. ^oAOQ i 

Jlx. — -_-=-___-= __ = ,^- =94.42623 nearly. 

.184 Hi 183 183 ^ 

207. There is also a method for shortening the labour of the 
division of two numbers, each consisting of many figures. This 
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method, which we are going to investigate, depends upon this 
fact : that every figure of the quotient is obtained by dividing 
the two or three last figures of the several partial dividendis 
by the two first figures of the divisor. Thus, the quotient will 
be correct if we operate upon the two or three first figures of 
every partial dividend. We subjoin both operations. The 
common method will explain the reason of the contracted 
method. 

208, Let the quotient of 1234.569 and 27.35894 be required, 
correct to three decimal places. 



27.35894)1234.56 
109435 



14021 
13679 



341 
273 

68 
54 

13 
10 

2 



90(45.124 27.35894)1234.56900000(45.124 

76 109436 

140 14020 

470 13679 



6700 341 

5894 273 



08060 68 

71788 55 



362720 13 

943576 11 



419144 2 

The operation on the left hand is performed according to the 
common method; therefore, we shall not make any remark 
upon it. 

Begin by making the number of decimal figures of the 
dividend equal to that of the divisor, by adding two ciphers, and 
as three decimal places are required in the quotient, annex three 
more ciphers to the dividend, then cut off six figures from the 
right of the dividend, since there are seven in the divisor ; but 
as the divisor is not contained in the dividend, two figures of 
it are omitted, which is expressed by placing dots below them ; 
divide now 123456 by 27358, the quotient is 4 ; multiply 27358 
by 4, and add to the product 4, proceeding from 4 times the 
last figure cut off, or 36, which is nisarer 40 than 30, the 
remainder is 14020 ; instead of adding the next figure of the 
dividend to it, we omit the 8 from the divisor, which is 
denoted by placing a point below it, and we divide 14020 by 
2735, the quotient is 5, multiply 2735 by 5, and add to the 
product 4, proceeding from 40, the product of the omitted 
figure and 5, the remainder is 341 ; we now reject 5 from the 
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divisor, and place a point below it, divide 841 by 273, the 
quotient is 1, multiply 273 by 1, and subtract the pn)duct from 
341, the remainder is 68. Omit the 3 from 273, and divide 
68 by 27, the quotient is 2 and the remainder 13. Reject 7 
from 27 and divide 13 by 2, the quotient is 4, since 4 x 2 + 3 to 
cany from 28, make 11 ; the last remainder, 2, is neglected. 
The quotient is found to be 45124, from which we point out 
the three decimal places required, and for which we annexed 
three figures in the beginning; the answer is then 45.124. 

In comparing both operations, it is easily perceived that 
the figures rejected exercise no influence on the figures of the 
quotient. 

Instead of preparing the dividend as we did, we may notice 
that the number of figures of the divisor used at first, is the 
same as the number of figures of the quotient ; therefore, we 
may begin by rejecting as many figures to the right of the 
divisor as its own number of figures exceeds that of the quotient, 
then find how many times the divisor, thus prepared, will be 
contained in the first figures of the dividend, and proceed as 
explained above. By a single observation, it is generally easy 
to see how many places of whole numbers the quotient wiU 
contain. In this example it is seen, by dividing 1234 by 27, 
to be two places, and there are three decimal places to be 
found, so together we have to determine five places in the 
quotient. 

Determine the quotient of 229.4703568 and 7.3596 correct 
to four places. 

The quotient will contain two places of integers and four 
decimal places, together six places ; but as the divisor contains 
only five figures, a cipher is annexed to it, and we proceed as 
explained before. 

7.35940)229.4703568(31.1805 
2207820 

86883 
73594 

13289 
7359 

6930 

5887 

43 

37 

6 
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Divide .625 by .428571 correct to six places of decimals. 

.42857i).6250000(1.458335 
4285712 

1964288 
1714285 

250003 
214286 

36717 
34280 

1437 
1286 

161 
128 

23 
21 

2 

• . . 
Divide .3474 by .6, retaining six decimal places. 

.666666).3474474(.521170 
3333330 

141144 
133333 

7811 
6667 

1144 
667 

467 
467 

209. EXERCISES ON THE DIVISION, &C,, OF DECIMALS. 

1. Required, the quotient of 67.4903 and 8.04 ; of .3495 and 
.735 ; of .026705 and .0834 ; of .0572 and .0014 ; of .0594 
and 26356 ; of 1 and 10.1673. 

2. Divide 2.295 by .297; 2.14535 by .07; 234.6 by .7; 
41.5432 by 34.48; 27.2179487 by .li5346; .0563215 by 
1.34562, 
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_ • • 

3. Find the sum. difference, product, and quotient of .5730 
and .23. 

4. 3.562+16.71— 3.05+.394X.62-T-3.45. 



REDUCTION OF DECIMALS. 

210. The knowledge which the learner must now have 
acquired about vulgar and decimal fractions, will very much 
facilitate the study of this section. 

First, we propose to find the value of any decimal of a given 
quantity. 

Example: What is the value of .86875 of £1, or £.86875 ? 
£.86875 = .86875 X 20s. = 17.37500 shiUings. 
.375s. = .375x 12d. = 4.500 pence. 
.5d. = .5 X 4f. = 2.0 ferthings. 
Or briefly thus : £.86875 

20 

17.37500 
12 

4.500 
4 



2.0 

Therefore, £.86875 = 17s. 4id. 

Example : Convert .00213 of a day to positive terms : 
Here .00213 day=00213 x 24 hrs. =.05112 hrs. ; 
and :05112 hrs. = .05112 X 60 min. = 3.06720 min. ; 
and .0672min.= .0672x60 sec. =4.032 sec. 
or thus: .00213 
24 

.05112 hrs. 
60 



3.06720 min. 
60 

4.03200 

Therefore, .00213 day =3 nun, 4.032 sec. 
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Example : What is the value of 3.765 of a cwt ? 

Here 3.765 cwt. = 3TVT cwt. = 3 cwt. 3 qrs. 1 lb. 13.35 oz. 

From these examples, it follows that, to express by means of 
known units the value of decimals, multiply the given decimal 
by the numbers which would reduce it to the lower denomina- 
tions were it an integer, and the integral parts of the products, 
pointed off as they occur, will be the required value. If the 
decimal be expressed as part of more than one denomination, 
reduce it to one, and then apply the law. In case of recurring 
decimals, it is generally better to reduce it to a common fraction 
and to find the value. 

211. EXERCISES. 

1. Find the value of .64 of £1; .6325 of £1 ; 1.626 of 1 
guinea. 

2. Express 32.08 of £6 ; 2.16506 of iBSO ; .205 of 6s. SJd. 

3. What is the value of 1.265 of 1 ton; of .275 of 1 mile; 
.025 of 1 yard ? 

• • • 

4. Eequired, the value of 36.8 of 24 tons 2 cwt. ; of .375 of 
6s. 8d. 

5. Determine the value of .6 of 38. 9d. + .037 of 27s.— .OSi of 
£3. 58. 

212. Secondly, we have to consider the maimer of reducing 
a given quantity to the decimal of another quantity. 

Example: Express 16s. Q^d. as the decimal of £1. 

Since ^d. is the ^^^ of £1 ; 
therefore, 16s. Q^d, or i^J-^d. are 403X:fjTy of £l, or £i%%; o 

£.839583; or thus, id. = .5d.; 9id. = 9.5; 9. 5d. reduced to tb 

decimal of 1 shilling is ^'^ = .7916; and 16.7916s., expressf 

as a decimal of £1, is ^-^^Jfi^ =.839583. The operation 
here exhibited : — 

12)0.5d. 



2 0)16.791 6s. 
JL'.839r)K3 
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Example : Reduce Ids. 6fd. to the decimal of 15s. 6d. 

Here 15s. 6d. are 186d. ; 

and Id. is the y^^ of 158. 6d. ; 
therefore, ISs. 6}d.. or 162.75d. are 162.75 XyH* <>' 4W*» o' 

•875 of 15s. 6d. ; 
thus, 8f. = .75d. 

12 )6.75 

15.5)13.5625 



.875 of 15s. 6d. 

Hence, to reduce a given quantity to the decimal of another 
quantity, hring both quantities to the same denomination, and 
divide the first by the second ; or, when convenient, divide the 
lowest denomination by the number which connects it with the 
next, and afi&x to the left of the quotient the number of this 
denomination ; reduce the result to a decimal of the next 
higher denomination, and so on, till the required denomination 
is obtained. 

213. EXERCISES. 

1. Reduce 7s. Q^d. to the decimal of £1. 

2. Reduce 17 cwt. 2 qrs. 15 lb. to the decimal of 1 ton. 

3. Reduce 6 oz. 5 dwt. to the decimal of 1 lb. 

4. Reduce 5 days 15 hrs. 16 min. 5 sec. to the decimal of 1 
week. 

5. Express 2 r. 16 p. as the decimal of 1 acre. 

6. Express 496 yards as the decimal of 1 mile. 

7. Express 19s. lljd. as the decimal of £2. 10s. 

8. Express £3, 15s. 6|d. as the fraction of Jg6. 

214. MISCELLANEOUS EXERCISES IN DECIlfALS. 

We have given here a great variety of examples, in order to 
familiarize the pupil with the several parts explained before. 
He has already experienced that some problems are susceptible 
of several solutions, but there is generally one which is preferable 
to others ; let it, therefore, be his aim to choose the one best 
adapted to the conditions of the question. 

1. A merchant owes a certain sum of money, he pays severally 
ie248.40, £150.60, ^£545.75, and lastly, a bill of £500, and 
receives back £147.75. What was the debt? 
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2. Had I ^624.50 more, I should have £100. What money 
have I ? 

3. The smaller of two numbers is 2675.894, and their difference 
is 11 .896. What is the larger number ? 

4. What is that number, which being multiplied by .55, the 
product is 65.8 ? 

5. The remainder of a number divided by 25 is 12. Express 
its decimal value. 

6. Express the quotient of 24.589 by 73, correct to five decimal 
places. 

7. By what number must 12,668569 be multiplied so that the 
product may be 50.674236 ? 

8. The gain arising from a speculation is £127.55, which is 
one-sixteenth of the money received. How much was at 
stake? 

9. At a dinner, every guest paid 2.875 shillings, and the whole 
receipts were £3. 17s. 7id. How many persons partook of the 
dinner ? 

10. What is the half of the fourth part of twenty-one times 
224.56? 

11. 155 yards of cloth are sold for £178.25. How many yards 
will be sold for £74.75 ? 

12. The expenses of 18 persons, half of whom were men, and 
the other half women, are 130.50 shillings; each man pays 
4.50 shiDings more than a woman. What does each person 
pay? 

13. A person promised to pay 6s. to the poor every time his 
money was doubled ; this was repeated three times, and he 
had nothing left. How much had he at first ? 

14. Bought, 3 cwt. 1 qr. 17 lb. sugar for £13.38643, and sold 
it again at i^ shillings per lb. How much did I gain ? 

15. The circumference of every circle is 3.1416 times its 
diameter. If the circumference of the earth be 24857 miles, 
how much is its radius ? 

16. Find the value of £.8 + .2635 shillings+.5 guinea. 

17. The length of the true year is 365.242264 days. What 
will be the error in five centuries, if the years are taken at 
365 J days ? 
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18. What decimal, multiplied by 54, expresses the sum of J, 

19. Divide the difference of 11.229587 and 3.816243 by 274. 

20. Air is 770 times lighter than water, and mercury 13.598 
times heavier than water. How many times is mercury 
heavier than air ? 

21. One degree Fahrenheit is 1.80 degrees centigrades. How 
many degrees centigrades are 17.5 degrees Fahrenheit ? 

22. Simplify the expression 4.56 + 15.037— 4; also, (4.73 + 15.6) 
X (36.1— 14.72.) 

23. Determine the value of 123 x (H*f — i.%T+36)- 

24. Determine the value of ^^J^- + 32 x (^:4 — if + 1). 

OK v^^^^c' •^- * 16.66 14—8+13.6—14 

25. iiixpress m positive terms — L . 

^ ^ 51—16 8x17—33 

26. Reduce (1^77 + 1.05) x(15.04-.899 ) 

14.77 + 1.05— 15.04 + .899 

27. Simplify ^x:l^-il?5?L of A. 

H 1.27 ■ .538461 A 

28. Induce (i3 + M)-15x(4|-l). 

36+.M+.,j»dVx(81— 34 

29. Find the value of .2083 of .3428571 of 1 cwt. 

30. Eequired, the value of .846153 of .08i of £6.50. 

31. How much money must a person distribute who wishes to 
bestow J£.375 a piece on 248 poor persons ? 

32. Add together f, ^V, f , .09375 and 2.40 by vulgar fractions 
and by decimals. 

33. Subtract .6495 of 1 guinea from .8735 of £1. 

34. Reduce to a decimal, accurate to 7 places: 1+ — i u 

^ ^1^1X2^ 

.| , &c. 



1x2x3 ' 1x2x3x4 

35. Reduce £24. 16s. 4id. and £167. lOs. 6id. if. to decimals 
of pounds, and find the quotient of the first divided by the 
latter. 
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36. The solar year consists of 865.242264 days, and the sidereal 
year of 365.256383 days. Express the difference of these 
years in minutes, seconds, &c. 

37. Eequired, in decimab and in common fractions, the sum of 
the following quantities : |, i, f , i, }, | ; and find, also, the 
product of botii results. 

38. A har of iron expands 1.472 inches for every yard, when 
brought to a certain temperature. How much would a bar 
7 yds. 2 ft 10.34 inches expand at the same temperature ? 




PART V. 



TABLES OP MONEY, WEIGHTS AND MEASURES. 

COMPOUND QUANTITIES. 

215. In the preceding parts it has been shown that when it is 
necessary to consider quantities smaller than unity, this unity is 
supposed to be divided into a certain number of equal parts, 
^duch are treated as other units. But in order to ffiunlitate 
dealings, it has been found convenient to have large units and 
small units; for instance, when speaking of long distances, we 
take a mile as the unit, and where it is required to express smaUer 
distances, we take the yard, foot, or inch as unity ; thus, if 
instead of dividing the niile into a great number of equal parts, 
and saying xtVt ^^ & mile, or yiVv o^ & mile, the difference 
between which would be difficult to appreciate, I were to say, 
this road is four yards broad, and that five yards, the mind 
would at once form an idea of the real dimensions. 

What strikes every one, when looking at the tables of money, 
weights, measures, ^c, is the confusion, the want of system, 
which exists almost throughout. They are the offspring of 
unscientific minds, of different epochs ; they are like patchworks 
placed in the way of youths to puzzle them and retard their 
progress. It is astonishing, that in a country so enlightened as 
England is, some steps are not taken to improve this extraordi- 
nary labyrinth. This improvement appears the easier since 
some continental nations, and scientific men in this country, 
have already adopted the whole or part of the decimal system, 
which ia the only rational one. 

TABLES OF MONEY, WEIGHTS, AJSD HEASUBES. 

t216. TABLE OF MONEY. 

2 farthings = 1 hslfpennj \d, 

4 fiirthings = 1 penny ... Id. 

12 pence = 1 shilling... Is. 

20 shillings = 1 pound ... £1, 
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4f.= Id. 
48f.= 12d.= Is. 
960f. = 240d. = 20s. = £l 

The coins not in circulation, but frequently mentioned, are the 
groat =4d.; tester =6d. ; noble = 6s. 8d. ; angel = 10s. ; half- 
guinea = 10s. 6d. ; mark = 13s. 4d; guinea=21s. ; Carolus = 
^3s. ; Jacobus = 25s. ; moidore = ^7s. 

The pound is generally called pound sterling, to distinguish it 
from the weight called a pound ; also from foreign coins, and 
from stocks, shares, &c. 

The standard gold coin of this kingdom is made of 22 parts 
of pure gold and . two parts of alloy (copper). From a pound 
Troy of this metal are coined 46f § sovereigns =£46. 14s. 6d. ; 
so tiat the weight of each is 5 dwts. 3^ J J- grs. = 123.274 grs. ; 
and the value per ounce of the standard gold is £3. 17s. lOjd., 
whilst the value per ounce of pure gold, at the Mint, is 
£4:. 4s. 11 Ad., 

The standard silver coin consists of 37 parts of pure silver 
and three parts of alloy (copper). From a pound Troy of this 
metal are coined 66 shilings, so that the weight of a shilling is 
3 dwts. 15t\ grs. ; and at the Mint, the price of standard 
silver is 5s. 6d. per oz., and of pure silver 58. llj^d. Silver 
coins are not legal tender for more than 40s. 

24 pence are coined from a pound of copper avoirdupois, so 
that a penny weighs lOf dwts. avoirdupois, or 29 If grs. Troy. 
Copper coins are not legal tender for more than 12d. 

217. TABLE OF TROY WEIGHT. 

Grains are marked gr. 

24 grains make 1 pennyweight „ dwt. 

20 pennyweights 1 ounce „ oz. 

12 ounces 1 pound „ lb. 

gr. dwt. 
24= 1 oz. 
480= 20= 1 lb. 
5760 = 240=12=1 

This weight, which was formerly used for weighing articles of 
every kind, is now applied to gold, silver, jewels, liquors, and in 
philosophical experiments. 

A grain of wheat is said to be the original of all weights used 
in England. It was gathered out of the middle of the ear, and 
being well dried 32 of them were to make one pennyweight ; 
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but in later times it was thought sufficient to divide the same 
pennyweight into 24 equal parts, still called grains, though 
really a third part greater than the original grain. The penny- 
weight was so called hecause it was the weight of the silver penny 
then in use. Ounce and poxmd are derived from the Latin. 

Troy weight was introduced into France ahout the time of the 
Crusades, from Cairo, in Egypt. It was first adopted in Troyes, 
where great fairs were held, and whence it has its name. It is 
also believed that the word Troy has been derived from the 
monkish name given to London. The legend avers that Brute, 
a direct descendant of ^neas, foxmded the city of London, in 
2866 A.M., and called it Trinovantum, corrupted afterwards 
into Tronevant, or Troynovant. 

218. TABLE OF apothecaries' WEIGHT. 

20 grains make 1 scruple sc. or 9 



3 scruples 
8 drams 
12 ounces 



>» 



»» 



»> 



1 dram dr. or 3 

I ounce oz. or ^ 

1 pound lb. ortb 

gr. sc. 
20= 1 dr. 
60= 3= 1 oz. 
480= 24= 8= 1 lb. 
5760 = 288 = 96 = 12 = 1 

The gr., oz., and lb. are the same as in Troy weight. 

This weight is employed by apothecaries in mixing up medical 
prescriptions, though they buy and sell their drugs by avoirdupois 
weight. 

219. AVOIRDUPOIS WEIGHT. 

Drams marked 

16 drams make I ounce 



16 ounces 

14 pounds 

2 stones, or 28 lbs. 

4 quarters 

20 hundredweight 

dr. 
16 = 
256 = 
7168 = 



if 



it 



»» 



»» 



>» 



1 pound 

1 stone 

1 quarter 

1 hxmdredweight 
1 ton 



dr. 
oz. 
lb. 

St. 

qr. 
cwt. 
ton. 



oz. 

1 lb. 
16= 1 qr. 
448= 28= 1 cwt. 
28672= 1792= 112= 4= 1 ton. 
573440 = 35840 = 2240 = 80 = 20=1 
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The lb. avoirdupois cohtains 7000 gndns, or 14 oz. 11 dwt8. 
16 gre, Troy, or ^^}| lb. The lb. Troy=i^| lb. av. = 13 oz. 

Bj this weight all heavy and coarse goods are weighed ; the 
imperial pound avoirdupois is defined in an Act of Parliament, 
which came into operation on the 1st of January, 1826, to be 
the weight of one-tenth of an imperial gallon, or of 27.7274 
cubic inches of distilled water, at the temperature of 62** Fahr., 
when the barometer is at 30**. 

The name avoirdupois is derived from avoirs, meaning, in 
old Norman, goods or chattels, and poids, signifying weight, 

220. WOOL WEIGHT. 

7 pounds are 1 clove marked cL 



2 cloves 

2 stones 
6^ tods 

2 weys 

12 sacks 

20 poimds 

12 scores 



1 stone „ St. 

1 tod „ tod. 

1 wey „ wey. 

1 sack „ sack. 

1 last „ last. 

1 score „ score. 

1 pack „ pack. 



221. TABLE OF LINEAL MEASURE. 

3 barleycorns make 1 inch marked in. 

12 inches „ 1 foot „ ft. 

3 feet „ 1 yard „ yd. 

6 feet „ 1 fathom „ fth. 

5 ^ yards „ 1 pole, rod, or perch „ pi. 

40 poles „ 1 furlong „ fur. 

8 furlongs „ 1 mile „ mile. 

3 nules „ 1 league „ lea. 

6 9 ^ miles nearly „ 1 degree „ deg. or **. 

in. ft. 

12= 1 yd. 

36= 3=1 pi. 
198= 16^= 5^= 1 fur. 
7920= 660 = 220 = 40=1 mile. 
63360 = 5280 =1760 =320 = 8=1 

By the act above-mentioned, it was enacted that the yard 
shoiUd henceforth be the standard of length, which is equivalent 
to 3 feet, or 36 inches. The inch appears to have been ori- 
ginally obtained by putting together 3 grains of barley, and the 
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yard from the length of the arm of Henry I. of England. But 
in order to have an invariable standard, it has been ascertained 
that in the latitude of Greenwich the pendulum vibrating seconds 
is 39.1398. inches 

222. CLOTH MEASURE. 

2^ inches make 1 nail marked nl. 

qr. 



4 nails 

3 quarters 

4 quarters 

5 quarters 



1 quarter 

1 ell Flemish 

1 yard 

1 ell English 
1 ell French... 



t» 



>» 



»» 



»» 



if 



6 quarters 
Other lineal measures sometimes met with are 



e. Fl. 

yd. 

e. E. 
e.Fr. 



t\ i»- 



A line 

A palm =(\ in. 

A hand 

A span 

A cubit 

A pace : 

A link 

A chain =100 links. 



:4 ill. 

:9in. 
18 in. 
5 ft. 
7|4 in. 



— 't? 



223. TABLE OF SUPERFICIAL OR SQUARE MEASURE. 

144 square inches make 1 square foot marked ft. 

9 square feet 

30J square yards ..: 

40 square poles 

4 roods, or 10 sq. chains 
640 acres 



1 square yard 
1 square pole 

1 rood 

1 acre 

1 square mile 



>> 



>» 



i» 



>» 



yd. 
pi. 

rd. 

acre. 

mile. 



sq. in. sq. ft. 
144= 1 

1296= 9 = 



sq. yd. 

1 sq. pole. 
39204= 272 J = 30i= 1 rd. 
1568160=10890 =1210 = 40 = 1 acr. 
6272640 = 43560 =4840 =160 = 4=1 

224. LAND MEASURE. 

40 poles make 1 rood, marked ro. 
4 roods ,, 1 acre ,, ac. 
Also, 1210 square yards, or 25000 links = 1 rood. 
4840 square yards, or 100000 links = I acre. 
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225. CUBIC OB SOLID MEASUBE. 

1728 cubic inches are 1 cubic foot. 
27 cubic feet „ 1 cubic yard. 
40 cubic feet „ 1 load of rough timber. 
227.274 cubic inches „ 1 imperial gsdlon. 



>» 



A cubic foot of water, at a temperature of 60**, weighs veiy 
nearly 1000 ounces. 

226. DBY AND COBN ICEASUBE. 

2 pints make 1 quart marked qt. 



2 quarts 

2 pottles 

2 gallons 

4 pecks 

2 bushels 

2 strikes or 4 bushels 
2 cooms or 8 bushels 

5 quarters 

2 weys 



»» 



t> 



>» 



»> 



»» 



>> 



>» 



>» 



>> 



1 pottle 

1 gallon 

1 peck 

1 bushel ... 

1 strike 

1 coom 

1 quarter ... 
1 weyorload 
1 last 



pot. 

gaL 

pec. 

bu. 

str. 

coom. 

qr. 

wey. 

last. 



pts. gal. 
8 = 1 pec. 
16= 2= 1 bu. 
64= 8= 4= 1 
512= 64= 32= 8 = 
2560 = 320=160 = 40 = 
5120 = 640 = 320=80: 



qr. 

1 wey. 
5 = 1 last 
10 = 2 = 1 



Com, seeds, roots, fruits, salt, sand, oysters, and such diy 
goods as are not usually heaped up above the measure of 
capacity are sold by the above measure. The act states that a 
gallon contains 277.274 cubic inches. 10 lbs. av. of distilled 
water, weighed in air at 62° Fahr., the barometer at 30**, will 
just fill this space ; also the imperial bushel contains 2218.192 
cubic inches. The measure is to be a cylinder, the internal 
diameter of which is 18.789 inches, and depth 8 inches. 

227. COAL MEASURE. 

4 pecks are I bushel. 

3 bushels ... „ 1 sack. 

36 bushels ... „ 1 chaldron. 

21 chaldrons ... „ 1 score. 
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Since coals are sold by weight, this table is of little use. 
The act directs that the heaped imperial bysliel shall contain 
2815.4887 cubic inches. 

228. TABLE OF ALE AND BEEB MEASUBE. 

2 pints make 1 quart marked qt. 

2 quarts „ 1 gallon „ gal. 

42 gallons „ 1 tierce „ tier. 

1^ tierces, or 68 gallons „ 1 hogshead „ hhd. 

2 tierces „ 1 puncheon „ pun. 

2 hogsheads „ 1 pipe or butt „ pi. 

2 pipes „ 1 tun „ tun. 

pts. qt. 
2= 1 gal. 
8= 4= 1 tier. 
336= 168= 42=1 hhd. 
504= 252= 63=li=l pun. 
672= 336= 84 = 2 =H = 1 pi. 
1008= 504=126=3 =2 =1^=1 ton. 
2016 = 1008 = 252 = 6 =4 =3 =2 = 1 

This table is used to measure wines, spirits, cyder, mead» 
perry, vinegar, oil, honey, &c. 

229. TABLE OF MEASUBE OF TIME. 

A second 1 sec. or I". 

60 seconds make 1 minute, or 1'. 

60 minutes „ 1 hour, or 1 hr. 

24 hours „ 1 day, or 1 day. 

7 days „ 1 week, or 1 wk. 

4 weeks „ 1 month, or 1 mo. 

13 months, 1 day, 6 hours, or) t t v i 

365 davs. 6 hours .... ....j^ ^"^ ^^' •>' ^ ?'• 

sec. min. 
60= 1 hr. 
3600= 60= 1 day. 
86400= 1440= 24= 1 wk. 

604800= 10080= 168= 7 = 1 mo. 

2419200= 40320= 672= 28 = 4 =1 yr. 

31557600=525960 = 8766 = 365j = 52/5=13xf3r=l 
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The month mentioned here is the lunar month, but a common 
year consists of 12 calendar months, of 30y\ days nearly. 

The true solar year is 365 days 5 hrs. 48 min. 48 sec. (which 
is 11 min. 12 sec. less than the Julian year), but as it was 
most convenient to begin the year on the commencement of a 
day, it was agreed, in the time of Julius Caesar, that the year 
should, during 3 successive times, consist of 365 days, called 
a common year, and of a year of 366 days called a leap year ; 
and it is so managed that whenever the number of years is 
divisible by 4 the corresponding year is a leap year, the month 
of February having 29 days instead of 28. 

But as the true solar year is 365.242264, and not 365.25, the 
correction is too much by 0.007736 day ; by finding how many 
times this is contained in 1 day, we shall know in how many 
years the error amounts to 1 day, which is every 129.2657 years 
nearly ; or in every 400 years the error is very nearly 3.0944 
days. So it was ordained that whenever the number expressing 
the centuries is not divisible by 4, the corresponding year shall 
not be a leap year; thus 1600 was a leap year, because 16 is 
divisibe by 4 ; but 1700 and 1800 are not, since 17 and 18 are 
not divisible by 4. This correction is too great, but the error 
only amounts to 28 hours in 5000 years. 

The calendar, thus rectified, is called the Gregorian calendar, 
and is used throughout Europe, with the exception of Russia 
and Greece, where the Julian calendar is still employed. The 
first was promulgated by Pope Gregory, in 1582 ; and England 
adopted it on the 2nd of September, 1752. The error then 
amoimted to 11 days, which were omitted, and the 3rd of 
September was called the 14th. This calendar is called the 
new style, the Julian being the old style, 

REMARKABLE CHRONOLOGICAL ERAS. 

The accoimt of time from any particular date or epoch is 
called an era. 

The Christian, vulgar, or Dionysian era dates from January 
1st, 4004 years after the creation of the world. 

The era of the deluge dates from February 18th, 2358 years 
before Christ. 

The era of Abraham dates from October 1st, 1996 years 
before Christ. 

The era of the Olympiads dates from July 1st, 776 years 
before Christ. 
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The era of the building of Rome dates from April 22nd, 753 
years before Christ. 

The era of Nabonassar dates from 747 years before Christ. 

The era of Constantinople, used by the Greeks, dates from 
the creation of the world, and the year 5509 corresponds to the 
Ist of September, before the Christian era. 

The era of the Seleucidse dates from October 1st, 312 years 
before Christ. 

The Spanish era dates from January 1st, 45 years before 
Christ. 

The era of Diocletian dates from August 29th, 284 years 
after Christ. 

The era of the Hejira dates from July 15th, 622 years after 
Christ. 

The last day of the old style (catholic nations), October 4th, 
1582. 

The last day of the old style in England, September 2nd, 
1752. 

New style in catholic nations, October 15th, 1582. 

New style in England, September 14th, 1752. 

230. TABLE OF UNITS, &C. 

12 units are 1 dozen. 

12 dozens „ 1 gross. 

20 units „ 1 score. 

24 sheets of paper „ 1 quire. 

20 quires „ 1 ream. 

231. TABLE OF ANGULAR MEASURE. 

A second marked 1". 

60 seconds make 1 minute „ 1'. 

60 minutes „ 1 degree „ V, 

90 degrees „ 1 right angle „ 90°. 
360 degrees ,, 4 right angles, or circumference. 
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REDUCTION. 

232. A quantity expressed in different units, such as JS3. 1 Is. 6d. 
or 15 C¥rt. 3 qr. 16 lbs., is called a compound quantity ; and by 
the tables, it is evident that any compound quantity can be ex- 
pressed in several ways. For instance, £4. 98. 6d. is the same 
as 89s. 6d., or 1074 pence, or 4296 farthings. 

When a quantity is expressed in one or more denominations, 
redu^ction shows the method of converting it into one or more 
others. Since quantities may be either reduced from a high 
denomination to a lower one, or raised from a lower one to a 
higher, then there are two kinds of reduction, redu/stion descend- 
ing and reduction ascending, 

233. First, reduce Je24. 88 TJd. into farthings. 

Since £L = 208., £24. = 24 x 208. = 480s. ; therefore, £24. 8s 
=480+8=488s. Since Is. = 12d., 488s. = 488 X 12d. = 5856d.; 
therefore, £24. 8s. 7d. = 5856d. + 7d. = 5863d. And since Id. 
= 4 farthings, 5863 pence = 5863 x4f. = 2345 2f. ; and, there 
fore, £24. 8s. 7id. = 23452f. + 3f. = 23455 farthings. 

The operation is performed thus in practice : — 

£24. 8s. 73d. 
20 

488 
12 



5863 
4 



23455f. 

234. Secondly, reduce 37849 farthings to pounds, shillings, 
and pence 

Since 4f. = Id., lf. = Jd.; therefore, 37849f. = ?I5H2ild. = 

4 

9462id. ; also, since 12d. = l8., ld.=T^3^s. ; therefore, 9462d. 

^9462xl^yQQg 6d.; and also, since 20s. = £l, l8. = £^, 

12 
therefore, 788s. = 788 x £^^ = £39. 8s. Hence, 37849f.= 
9462id. = 788s. 6Jd. = £39. 8s. 6Jd., which process is thus 

written : — 

4 )37849 

12)9462. 11" 



20)7«8. 6Jd. 



i:39. 8s. OJd. 
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As a proof of the correctness of these results, operate in a 
converse way. 

235. From what has heen said in (§ 233 and 234), the 
operations in reduction are evident ; it is only required to refer 
to the tahles. 

236. EXERCISES. 

1. Reduce £164. 198. TJd. to farthings, and prove the operation. 

2. In £7U, lis. Hid. how many farthings? Verify the 
result. 

3. What number of pounds, &c., are contained in 3769473 
fiarthings ? and prove the correctness of the result. 

4. Change 48493 pence to pounds, &c., and conversely. 

5. Find the number of farthings in £100. 10s. lOJd., and 
prove it. 

6. Required, the number of pence in 564 guineas, and verify 
the operation. 

7. Convert 112546 grains into pounds Troy, and prove the 
result. 

8. Bring 54 lbs. 10 oz. 16 dwts. 19 grs. to grains. 

9. In 24 cwt. 2 qrs. 14 lbs., how many pounds ? 

10. How many drams are there in 3 tons 17 cwt. 2 qrs. 24 lbs. 
15 oz. 3 drs. ? 

11. Bring 24895 lbs. to cwts., &c. 

12. Change 24 lasts 1 wey 4 tods 1 stone cl. 5 lbs. to pounds. 

13. Find the number of miles, &c., in 463972 inches. 

14. Bring 5 mi. 4 fur. 3 J pi. 4 yds. 1 ft. 7 in. to inches. 

15. Reduce 14 yds. 3 qrs. 2 nl. 2 in. to inches. 

16. How many inches are there in 54 E. e. 4 qrs. 3 nl. 1 in. ? 

17. Change 714 inches to Flemish ells. 

18. Convert 1476 French ells to inches. 

19. Reduce 3 ac. 3 rd. 33 pi. 27 yds. 7 ft. 15 in. to inches 

20. In 964893 yds., how many acres ? 

21. Bring 174 cubic yds. 24 ft. 362 in. to cubic inches. 

8 
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22. What number of cubic yards, &c., are equivalent to 7945673 
cubic inches ? 

23. Convert 64596 pints to lasts, &c. 

24. Reduce 6 lasts wey 3 qrs. 6 bu. 3 pk. 1 gal. 7 pts. to 
pints. 

25. In 37496 pecks how many chaldrons ? 

26. In 7 scores 20 ch. 35 bu. 3 pk. how many pecks ? 

27. Bring 434 hhds. 48 gal. 1 qt. of ale to pints. 

28. 76465 pints are equivalent to how many butts, &c. 

29. How many tuns, &c., are there in 264054 pints of wine ? 

30. How many pints are there in 9 hhds. 55 gals. 3 qts. 1 pt. 
of wine? 

31. Convert 365 days 5 hrs. 48 min. 48 sec. to seconds. 

32. Convert 4673360 seconds to years, &c. 

33. Reduce 24 reams 16 quires 20 sheets of paper to sheets. 

34. Convert 1649750 sheets of paper to reams, &c. 

35. Find the number of seconds in 164° 45' 34". 

36. Find the number of degrees, &c., in 6849". 

37. How many barleycorns will reach round the earth, which 
is 25000 miles in circumference ? 

38. The wheel of a railway carriage makes 369600 revolutions in 
700 miles. What is the circumference of the wheel? 

39. The distance between Dover and Calais is 21 miles. How 
many arches, each of 75 feet span, would a bridge between 
the two places have ? 

40. The hind wheel of a carriage is 15 ft. 8 in. in circumfer- 
ence, and the fore wheel 12 ft. 3 in. How many revolutions 
will the latter make more than the former between London 
and Edinburgh, the distance being 389 mi. 6 fur. 20 p. ? 

41. An equal number of moidores, guineas, pounds, shillings, 
and pence make £389. 8s. 4d. How many are there of 
each? 

42. A sack of flour weighs 22 stones 12 lbs. How many loaves 
of 4 lbs., 3i lbs., 3 lbs. 2J lbs., and 1 lb. can be made 
from it ? 
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43. How many seconds have elapsed from the Christian era to 
the beginning of 1853? 

44. In what time would sound travel from the earth to the 
moon, the distance being 240000 miles, and sound moving 
about 1143 feet per second ? 

45. How long would it take a cannon ball, at the velocity of 
1960 feet per second, to travel from the earth to the sun, the 
distance being 95 millions of miles ? 

46. The piston of a steam engine moves at the rate of 240 feet 
per minute. What is the rate in miles, per day of 16 hours ? 

47. If 7 yds. 3 qrs. of cloth make a suit of clothes, how many 
suits can be made from 24 pieces, each of 45 yards ? 

48. How many times does a clock, which strikes the hours and 
quarters, strike, between noon on the 20th of June, and 
midnight on the 31st of December, of the same year? 

49. An indolent youth loses 8 minutes per hour. How much 
time will he lose from August 12th to December 17th, 
reckoning 10 hours work per day? 

50. A wheel is 5 yards in circumference. How long is that 
part of the circumference which measures 48° 24' ? 

51. If a person counts 80 sovereigns per minute for 15 hours 
each day, in how many days will he count a million ? 

62. How many canisters of tea can be filled out of 8 cwt. 2 qrs., 
the canisters holding respectively 2 lbs., \ lb., \ lb., and 
there being the same number of each ? 



ADDITION OF COMPOUND QUANTITIES. 

237. Little need be said upon the principles of performing 
the fundamental operations of compound quantities ; references 
to the corresponding operations of simple quantities will suffice. 
The former differ from the latter in this, that the subdivisions 
of the imit are not imiform, as they do not follow the decimal 
system. 

238. A owes to B £564. 2s. 7f d. ; to C, £324. 16s. 11^.; 
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to D, £216. Us. lOid. ; and to E, £949. 15s. 6^d. How 
much does he owe in all ? 

£, B. d. 
564 2 7J 

324 16 Hi 

•216 14 lOJ 

949 15 6i 

£2055 9 llf 

Having written the numbers under each other, taking care that 
the units of the same kind are under each other, begin by adding 
together the farthings, which amount to 7f., or IJd., set down 
the i under the farthings ; the sum of the pence with the 
1 penny resulting from the addition of the farthings, is 35 pence, 
or 2s. lid., set down lid. under the pence; iJbe sum of the 
shillings, with the 2s. resulting from the addition of pence, is 
49 shillings, or £2. 9s., the 9s. are set down under the shillings, 
and the £2 carried to pounds, the sum of which is £2055. 

The same method of proof may be employed as for simple 
addition. 

When the quantities are of any other sort, the same method 
is followed. The tables render the process easy. 

239. EXERCISES. 

1. Find the sum of £3489. lis. 6id. ; £267. 7s. 7Jd ; £5671. 
14s. 10^.; £367. 19s. ll^d.; and £1304. 19s. 11 Jd. 

2. The expenses of building a house were: surveyor, £340; 
bricklayer, £5696 17s. 4d.; mason, £2740. 16s. 7d. ; car- 
penter, £4169. 17s. Od. ; plumber, £1565. 15s. 3d. ; glazier, 
£473. 10s. 6d. ; painter, £375. 18s. 6d. ; paper-hanger, 
£124. Is. 4d. ; and locksmith, £275. 19s. 8d. What did 
the house cost ? 

3. The distance from A to B is 24 mi. 7 fur. 20 p. ; from B to 
C, 35 mi. 4 fur. 28 po. 3 yds. ; from C to D, 47 mi. 6 fur. 
31 po. 4 yds.; from D to E, 15 mi. 3 fur. 16 po. 2 yds. 
What is the distance between A and E ? 

4. Of five pieces of timber, the first contains 3 cub. yds. 24 ft 
41'6 in. ; the second, 5 cub. yds. 16 ft. 94 in. ; the third, 
4 cub. yds. 18 ft. 1014 in. ; the fourth, 2 cub. yds. 12 ft. 
96 in. ; and the fifth, 3 cub. yds. 10 ft. 184 in. How many 
cubic yards, &c., are there in all ? 
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5. What is the weight of 6 bales of cotton, weighing respec- 
tively 5 cwt. 3 qrs. 19 lbs.; 7 cwt. qrs. 16 lbs.; 3 cwt. 

2 qrs. 24 lbs. ; 5 cwt. 2 qrs. 18 lbs. ; 6 cwt. 1 qr. 10 lbs. ; 
and 4 cwt. 3 qrs. 25 lbs. ? 

6. How many yards are contained in 3 pieces of cloth, the first 
of which contains 642 yds. 3 qrs. 3 nls. ; the second, 643 yds. 

3 qrs. 2 nls. ; and the third, 576 yds. 1 qr. 3 nls. ? 

7. An apothecary weighs several parcels of drugs : one weighs 
17 lbs. 7 oz. 2 scr. 17 grs. ; another, 14 lbs. 10 oz. 8 dr. 
1 scr. 15 grs.; another, 11 lbs. 9 oz. 5 dr. 1 scr. 19 grs. ; 
another, 21 lbs. 10 oz. 6 dr. 2 scr. 10 grs. ; and another, 
16 lbs. 8 oz. 6 drs. 2 scr. 16 grs. What is the weight of the 
whole ? 

8. A was bom on the 24th of November, 1845, and died when 
8 yrs. 6 mo. 11 days old. What was the exact date of his 
death? 

9. B was bom at 58 minutes after 5 p.m., April 14th, 1820, 
and lived 27 yrs. 10 mo. 22 days 22 hrs. 46 min. When did 
he die? 

10. A fisirmer has sown 23 bu. 1 pk. 4 gals. 4 pts. of com ; 
13 bu. pk. 6 gals. 3 pts. of oats ; 12 bu. 1 pk. 5 gals. 6 pts. 
of rye. How much com has he sown altogether ? 

11. A jeweller used 1 lb. 10 oz. 18 dwts. 21 grs. of silver for 
the manufacture of a piece of plate ; for a second piece, 1 lb. 
8 oz. 16 dwts. ; and for a third, 1 lb. 9 oz. 14 dwts. 20 grs. 
How much silver was used ? 

12. A landowner, possessing 216 ac. 3 ro. |32 po. of land, 
bought two fields, one of which contained 15 ac. 2 ro. 31 po., 
and the other 19 ac. 3 ro. 32 po. How much land has he at 
present ? 



SUBTRACTION OF COMPOUND QUANTITIES. 

240. The subtraction of compound quantities is performed 
by subtracting the units of the same kind from each other ; 
and the principle laid down in simple subtraction is equally tme 
here. 

Fromie576. 16s. 9}d. subtract £267. 18s. lOJd. 
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These quantities axe written under one another, thus : — 

£. 8. d. 

576 16 9J 
267 18 10| 

£308 17 10^ 

As J cannot be taken from J, add Id. to both quantities, it 
does not alter the difference, and we have i from | leaves J, 
which is set down under the farthings ; Id. + 10 make lid., now 
since lid. cannot be subtracted from 9d., to each quantity 
is. is added, and we take lid. from 9d. + 12d., or 2 Id., the 
difference is lOd., which is set down under the pence ; Is. + 18s., 
or 19s., subtracted from 16s., cannot be effected, £1 is added to 
each quantity, and 198. taken from 16s. + 20s., or 36s., leaves 
17s., which is set down under the shillings; now, £l+£7, or £S, 
taken from £Q cannot be done, but by adding 1 tens to each 
quantity, we have £S from £6 +£10, or £16 leaves £8 ; and 6 tens 
+ 1 tens, or 7 tens, leaves tens ; 2 hundreds taken from 5 
hundreds leaves 3 hundreds. Thus, the whole difference is 
£308. 17s. lOjd. 

The operation explained is represented below : — 

h. t. u. 

5 + 7 + 16 36 21| 
a + 7+ 8 19 11| 

£3 8 17 lOj 

The proof is the scune as in sifnple subtraction. 

241. The same method is applied for the subtraction of quan- 
tities in the tables. 

1. From 16 7 4^ From 2464 17 10^ 

take 11 9 2^ take 1378 17 llf 

2. From 30*70 14 9J From 9004 If 

take 1346 17 9i take 5236 9 SJ 



ton. cwt. qr. lb. oz. ton. cwt. qr. lb. oz. dr. 

3. From 34 16 3 20 14 From 134 8 1 16 12 13 
take 19 9 2 24 15 take 106 17 3 25 14 15 
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lb. oz. dr. 8cr. gr. la. sa. wey. id. at. cl. lb. 

4. From 234 8 7 2 17 From 18 10 1 4 1 4 

tak e 176 10 6 1 19 take 13 7 1 5 1 1 5 

mi. ftir. po. yd. ft. in. 

6. From 246 6 27 3 1 8 From ISS** 36' 45" 

take 196 7 33 2 2 11 take 107 41 54 



6. From a sugar loaf, weighing 5 stones 1 1 lbs. 13 oz., a grocer 
sold 2 stones 12 lbs. 14 oz. How much had he left? 

7. I am 54 yrs. 7 mo. 18 days old, and my son is 28 yrs. 8 mo. 
26 days old. What was my age at my son's birth ? 

8. A man is 6 ft. 2 J in. in height ; another is 8f in. shorter. 
What is the height of the latter ? 

9. Charles XII. was bom January 27th, 1682, and died Dec. 
11th, 1718. How old was he at his death ? 

10. B died 35 min. after 5 o'clock p.m., on March 7th, 1853, 
when he was 17 yrs. 10 mo. 21 days 43 min. old. When was 
he bom ? 

11. A man received the following simis : £369. 14s. 7d., 
£564. 17s. 8d., £273. 19s. 6d. ; and paid the following 
debts: £176. 18s. 2d., and £144. 13s. 8d. How much 
has he left ? 

12. Four towns are represented by A, B, C, and D respectively ; 
a man travels from A to B in 7 hrs. 20 min. 30 sec. ; from B 
to C in 11 hrs. 14 min. 38 sec. ; from A to D in 34 hrs. 
36 min. 40 sec. How long will it take him to go from B to 
D, and from C to D ? 

13. A man being asked the age of his daughter, said, I am 
52 yrs. 3 mo. old ; my wife is 45 yrs. 5 mo. 15 days old ; and 
my daughter's age is 77 yrs. 5 mo. 8 days less than the sum 
of her parents'. Find her age. 

14. A landowner has two farms, one of 740 ac. 3 ro. 30 pi. and 
the other of 675 ac. 2 ro. 24 pi. ; from the first he sells 
246 ac. 3 ro. 36 pi., and from the second 396 ac. 3 ro. 30 pi. 
How much land has he left ? 

15. A bankrupt owes to A £135. 17s. 8d., to B £196. lis. 6d., 
to C £214. 16s. 8d., to D £144. 17s. 8d. At the time, he 
has in cash, £123. 9s. 6d. ; in wares, £53. lis. 4d. ; in 
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household furniture, J£143. 19s. 7d. ; and in recoverable debts, 
£246. 17s. 7d. What will the creditors lose ? 

16. I bought two saddles, a black horse and a white horse ; the 
first saddle cost £16. 10s. 8d. ; the second, £11. 16s. lOd. ; 
the black horse, £89. 19s. 6d. When the first saddle is put 
on the bl£ick horse, and the second saddle on the white horse, 
the black horse is of the same value as the white. Find the 
price of the latter. 

17. In 1850, the spring lasted 92 days 21 hrs. 16' 15" ; the 
summer, 93 days 13 hrs. 52' 8" ; autumn, 89 days 17 hrs. 
8' 3"; and winter 89 days 1 hr. 31' 2". What was the 
length of the year, and how much longer were the two first 
seasons than the two last ? 



MULTIPLICATION OF COMPOUND QUANTITIES. 

242. We shall here make three general cases : 
1st, to multiply a compoimd quantity by an integer. 

2nd, to multiply a compound quantity by a fraction, or by a 

mixed quantity. 
3rd, to multiply a compound quantity by another. 

243. First case : To multiply a compound quantity by an 
integer. 

How much will 9 yards of cloth cost, at £2. 17s. 6d. per 
yard? 



£. 8. 

2 17 


d. 

6 
9 


£25 17 


6 



k 



It is evident that 9 yards will cost 9 times as much as 1 yard, 
that is to say, 9 x 6d., 9 x 17s., and 9 x £2. Hence we see that 
every part of the multiplicand must be multiplied by the multi- 
plier. It Is indifferent by which unit we begin, but it is 
preferable to commence with the least, thus: 9x6d. = 54d.= 
4s. 6d., the 6d. are set down xmder the pence, and the 48. carried 
to the shillings ; 9x 17s.+4s. = 157s., or £7. 17s., the ITs. are 
set down under the shillings, and the £7 are carried to the 
pounds ; 9 x £2 +£7 =£25. Thus, the whole cost of 9 yards is 
£25. 17s. 6d. 
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EXEBCI8ES. 

1. What will 12 loads of com cost, at £16. 12s. 8d. per load ? 

2. If one yard cost 18s. BJd., what will 16 yards cost? 

3. How many acres are there in 18 farms, each of 56 acs. 3 rds. 
28 po. 16 yds.? 

4. What is the duty on 24 gallons of rum, at 10s. lOd. per 
gallon? 

5. A person hought of a grocer 12 lbs. of coffee, at Is. 3d. per 
lb. ; 14 lbs. of tea, at 4s. 5d. per lb. ; 18 lbs. of lump sugar, 
at S^d. per lb. ; 20 lbs. of brown sugar, 4id. per lb. ; 8 lbs. 
of cocoa, at Is. 2d. per lb. ; 28 lbs. of soap, at 9d. per lb. ; 
10 lbs. of mould candles, at Is. Id. per lb. ; 16 lbs. of dip 
candles, at 6Jd per lb. What is the amount of the bill ? 

6. A bought of B 10 pairs of worsted stockings, at 3s. 8d. per 
pair ; 8 pairs of silk, at 12s. 6d. per pair; 24 pairs of cotton, 
at 2s. 7d. per pair ; 18 pairs of gloves, at 4s. 2d. per pair ; 
30 yards of flannel, at Is. 8id. per yard ; 24 ells of diaper, 
at 2s. 6id. per ell ; 36 yards of Irish linen, at 2s. 8d. per 
yard. What is the cost of the whole ? 

244. The student will have observed that this process becomes 
laborious when the multiplier exceeds 20 ; but any of the fol- 
lowing methods will facilitate his work. 

1st method : To multiply a compound quantity by 36 is the 
same as to multiply it first by 6, and then the product by 6, for 
36=6x6. 

Likewise, 56 times a quantity is the same as 7 X the quantity, 
and 8 times the product, for 56 = 7 x 8. 

Since 38=6x6+2, we multiply a quantity by 38 if we 
multiply it by 6 first, then the product by 6, and add twice 
the original quantity to the last product ; or since 38 
=4 X 10 — 2, multiply the quantity by 4, then the product by 10, 
and subtract twice the original quantity from the last product. 

Since 112=4x4x7, to multiply a quantity by 112 we 
should first multiply it by 4, then the product by 4, and this 
second result by 7. 

Since 325=4x9x9+1, to multiply a quantity by 325, we 
might proceed to multiply it by 4, the result by 9, and the 
second result by 9, and to tiiis product add the original 
quantity. 
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For instance, in this question : what is the value of 273 cwt. 
of goods, at j22. 16s. 4id. per cwt. ? 

Since 1 cvft. costs £2. 16s. 4^4., evidently 273 cwt. will 
come to 273 X £2. 168. di^d., but 273 = 3x7x13. We shaU 
then multiply the price of 1 cwt. by 13, this product by 7, and 
the last product by 3, thus : — 

£. 8. d. 

2 16 4^=price of 1 cwt. 
13 



£36 12 10^= price of 13 cwt. 

7 



£256 10 l^=price of 13 x 7 cwt. 
3_ 

£769 10 4i=price of 43 x 7 X 3 cwt. 
245. exercisers. 

1. Find the price of 288 yards of cloth, at £1. lis. 7d. per 
yard. 

2. Multiply 12 days 15 hrs. 32 min. by 176. 

3. What distance will an engine go in 16 days, working 8 hours 
per day, and going at the rate of 28 miles 6 fur. 19 po. 3 yds. 
per hour? 

4. A chest of tea weighs 1 cvrt. 3 qrs. 24 lbs. How much will 
96 chests weigh ? 

6. Required, the value of 29 quarters of com, at £2. 5s. 3Jd. 
per quarter. 

6. If I spend £l. 17s. 5^. a day, how much is that a year of 
365 days ? 

246. 2nd method: Another way of performing questions of 
this kind would be to reduce the multiplicand to the lowest 
denomination contained in it, multiply this result by the 
multiplier, and then reduce the product back again to higher 
denominations. 

Thus, if one person receives £2. 14s. 6i^. per day, how 
much will he receive in 164 days ? 

Now, £2. 14s. 6jd. = 1309 hal^ence, the sum received in 
1 day; 
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And 164 X 1309 h.p. = 214676 h.p.=£447. 4s. lOd., the sum 
received in 164 days. 

247. EXERCISES. 

1. Hew much ditching mil a man do in 42 days, at the rate of 
8 po. 4 yds. 2 ft per day ? 

2. A ship's crew, consisting of 450 men, received £16. 17s. Qjd. 
each. How many pounds were distributed ? 

3. In a town, the inhabitants consume daily 324 cwt. 2 qrs. 
17 lbs. 13 oz. of bread. How much will they use in one 
year? 

4. One piece of cloth measures 28 yds. 3 qrs. How many 
yards are there in 97 pieces ? 

6. If 1 bale of cotton weighed 1 cwt. 1 qr. 13 lbs., how much 
would 272 bales weigh ? 

6. How much beer would a garrison of 2640 men drink in 97 
weeks, allowing each man 1 pint 1 gill per day ? 

248. 3rd method : The following questions yrill illustrate this 
third method : — 

Ex. Find the value of 346 tons, at £7. 10s. per ton. 
Since 1 ton cost £7, 10s., 346 tons will cost 346 x £7. 10s. 

Now, 346x£7 = 2422 



And 346xl0s. = 346xJei^= 



£346 



2 



= 173 



Therefore, 346 x £7. lOs. =£2595 
The operation is usually arranged in the following way :- 



lOs. 



h 



£ 8. 

7 10 
,346 



2422= price of 346 tons, at £7 per ton. 
173= .. 346 ,. 10s. 



£2595 = 



>» 



f> 



346 



»» 



)) 



£7. 10s. „ 



Ex. What is the value of 109 cwt., at £2. 17s. 9d. per cwt. ? 
Now, 109 cwt. will cost 109 x the price of 1 cwt,, or 109 x 
£2. 17s. 9d. 
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We may observe, first, that 178. 9d. =108. +68. +28. 6d.+3d. 



Then 109x£2 = 218 

109xl08. = 109x£i=^^^^ 



2 



d. 




= 54 10 



109x5s. = ^X 109x 10s. = jx£54. 108.= 
ie54. lOs. 



= 27 5 



109x2s. 6d, = jxl09x5s. = ix£27. 58.= 
£27. 5s. 



2 



= 13 12 6 



109x3d. = T\yXl09x2s.6d. = TV^13. 128.6d. 
£13. 128. 6d. 



10 



which process is written down as follows : — 



= 17 3 



£314 14 9 



10s. 


h 


2 17 

... 109 


d. 

9 






5s. 

2s. 6d. 

3d. 


i 
J 


218 
... 54 10 
... 27 5 
... 13 12 

1 7 


price 

6 
3 


of 109 cwt. 


, at £2 per cwt. 
10s. 

58. 

28. 6d. „ 
3d. „ 






£314 14 


9 


£2. 17s. 9d. per cwt 



249. This convenient method of performing compound multi- 
plication is called Practice, from its daily use amongst merchants 
and tradesmen. It consists in decomposing the units of the 
subdivisions into aliquot parts or into fractions, whose numerator 
is imity, either of the highest denomination or of any other 
higher. A knowledge of fractions will soon make the pupil expert 
in finding the aliquot parts in any case. But the following 
observations will be found useful : — 

1st. Since 10s. =£ J, to multiply a number by lOs. we have to 
take the half of the number, and the result is the answer in 
pounds. Example, 48x 10s.=48x£i=£V = £2^• 
2nd. Smce 6s. 8d.=£i, therefore 100x6s. 8d,=100x£j=:£-4^ 
£33. 6s. 8d. 
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drd. Since 5s.=£}, therefore 264 x 5s. = 264 x £} = ^ = 
£66. Os. OcL 

4th. Since 4s.=£i, therefore 136x4s. = 186x£i ^^M^^es 
jeST. 4s. Od. 

6th. Since 3s. 4d.=£i, therefore 124x38. 4d. = 124x£i= 
jeii±=jg20. 13s. 4d. 

6th. Since 28. 6d.=£j, therefore 526x28. 6d. = 526x£j= 
£65. 15s. Od. 

7th. Since Is. 8d=£TV» therefore 324 x Is. 8d. = 324xJeTV= 
je27. Os. Od. 

8th. Since Is. M,==£^sy therefore 158xls. 3d.=158x£TV= 
£9. 17s. 6d. 

9th. Since l8.=£^, therefore 445 X Is. =445 XJe,»5= £22. Ss. 

lOth. Since 6d. = ^ shilling, therefore 764 x6d.= 764x^8. =382 
8hillings=£19. 2s. Od. 

1 1th Since 4d. = J shilling, therefore 1 72 X 4d. = 1 72 X i shilling 
= 678. 4d=£2. 17s. 4d. 

12th. Since 3d. = J shilling, therefore 154 x 3d. = 1 54 x J shilling 
=38s. 6d.=£l. 188. 6d. 

1 3th. Since 2d. = i shiUing, therefore 672 x 2d. = 672 X i shilling 
= 112 8hilling8=£5. 12s. Od. 

14th. Since l^d. = J shilling, therefore 464 x ljd.=464x J 
8hilling=588.=je2. 18s. Od. 

15th. Since ld. = TV shilling, therefore 964 x ld. = 964XiV 
shilling = 80s. 4d.=£4. Os. 4d. 

250. EXEBOISES. 

1. Find the cost of 65 cwt, at £7. 18s. 8d. per cwt. 

2. Eeqnired, the value of 26 yards, at 78. 6jd. per yard. 

3. If 1 gallon cost 17s. 9jd., required the price of 156 gallons. 

4. Determine the price of 25 cwt., at £4. 3s. 9^. 

6. Find the value of 36 acres, at £2. 18s. lid. per acre. 

6. What is the value of 219 cwt., at £12. 7s. 6d. ? 

251. 2nd case : To multiply a compound quantity by a fraction 
or by a mixed number. 
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The process is usually written down as follows : — 



2 qrs. 



1 qr. 
14 lbs. 
7 lbs. 

lib. 



i 



h 
i 



£, B. d. 

2 14 6 
8 cwt. 3 qrs. 22 lbs. 

21 16 

1 7 3 

13 7J 

6 9f 

3 4f J 

1 5J VV 



£24 



H * 



Determine the value of 3 cwt. 3 qrs. 27 lbs. 15 oz. 12 drs., at 
£7 per cwt. 

The previous example will be a guide for this, and the 
process will present no difl&culty: — 



2 qrs. 



1 qr. 
14 lbs. 

7 lbs. 
lib. 

5 lbs. X 

8 oz. 
4 oz. 
2 oz. 
1 oz. 
8 drs. 
4 drs. 



i 
i 

+ 
1 

i 
i 
i 

i 

1 

7 



£7 



3 cwt. 3 qrs. 27 lbs. 15 oz. 12 drs. 



} 



21 
3 
1 













10 
15 
17 
8 
1 
6 








6 

9 

3 

3 

7.5 

3.75 

1.875 
.9375 
.46875 
.234375 



£27 



19 11.765725= J nearly. 



If the expenses of making 69 yds. 2 ft. 11 in. of ditching be 
£1, how many yards would £25. 19s. 5d. pay for? 

Since for £1 69 yds. 2 ft. 11 in. are done, for £25. 19s 5d. 
we shaU have made £25. 19s. 5d. x69 yds. 2 ft. 11 in., which 
operation can be performed as the preceding. 
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lOsJ i 



5 
4 
5d. 



i 



I- 



-69 yds. 2 ft. 11 in. 
£ii6 19 5 

349 yds. 3 ft. 7 in. = work performed for £6. 

5 



of£l.- 
of 5s." 



1749 

--34 

...17 

13 

1 



11= work performed for £25. 
a 11.5 

1 6.75 

2 11.8 

5.983 



1816 yds. 2 ft. 10.033 in. 



Sufficient has been said to show the principle of this method, 
and the pupil will acquire readiness and dexterity in it by 
solving the following problems : — 

253. MISCELLANEOUS EXERCISES. 

1. A father being asked his age, answered, my son is 9 yrs. 
5 mo. 23 days, and I am five times as old. Find his age ? 

2. Find the value of 11 cwt. 2 qrs. 17 lbs., at £2. 18s. 9d. 
per cwt. 

3. 65 persons divided a sum of money amongst themselves, and 
each received £14. lis. 6d. What sum was divided ? 

4. A pedestrian walks 66 steps, each 2 ft. 10 J in., in 1 minute. 
How many yards, feet, and inches will he go over in 2 hrs. 
54 min. ? 

5. In a nursery garden, there are 3440 young trees, worth 
148. 8Jd. each. The value of the whole number of trees is 
required. 

6. At £1. 14s. 2d. per yard, what will be the price of 63f 
yards? 

7. What is the rent of 500 ac. 3 ro. 25 pi. of land, at £1. 
7s. 8d. per acre ? 

8. A bankrupt paid 13s. 4^d. in the pound, and his debts are 
£9748. How much did the creditors receive ? 

9. What is the value of a gold snuff box, weighing 9 oz. 8 dwts. 
19 grs., at the rate of £3. 19s. lOd. per oz. ? 

10. 4 ac 3 ro. 24 pi. of land will keep a horse 1 year. How 
much will be required to keep 84 horses the same time ? 

9 
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11. 25 masons built a house in 28 days, and each man's wages 
were 3s. 8f d. per day. What is the whole pay ? 

12. The rent of some lodgings is £47. IBs. 9d. yearly. What 
will the rent amount to in 7 years 7 months ? 

13. The lead of an old tank, which weighs 7 cwt. 2 qrs. 17 lbs., 
is sold at £1. 18s. 9d. per cwt. ; and a new one, which 
weighs 11 cwt. 1 qr. 24 lbs., is worth £2. Is. Id. per cwt. 
What is the value of each tank, and the expense of the one 
more than the other ? 

14. Required, the duty on 143 cwt. 3 qrs. 12 lbs. of coffee, at 
£6, 4s. 8d. per cwt. ? 

15. What is the cost of 224 ac. 2 ro. 35 pi., at £12. 168. 9d. 
per acre ? 

16. My daily expenses are £1. 5s. 5d. How much do I save 
yearly out of £600 ? 

17. Compute the value of 501|J yards, at £1. Is. l^d. per 
yard? 

18. Determine the expense of travelling 276 mi. 5 fur. 120 yds., 
at 11 id. per mile. 

19. A man, 60 years old, weighs 2 cwt. 1 qr. 24 lbs. What was 
his weight 30 years ago, supposing it to have increased by f 
what it was then ? 

20. If a square yard of marble ix)8t 15s. 9d., what will be the 
value of a slab, 24 square yds. 7 ft. 100 in, ? 

21. If a gallon of a mixture cost 14s. 7f d., it is required to 
ascertain the price of 53 gals. 2 qts. 1^^ pts. 

22. Find the rent of 24| J^ acres of land, at £2. 14s. 6d. per acre. 

23. Three plots of land were sold, 

the Ist containing 346^^ acres, at £14. 17s. lOd. per acre. 

2nd „ 272 ac. 3 ro. 18 pi., at £17. 12s. 8d. 

3rd „ 6481 acres, at £15. 16s. 6d. 
The value of the whole is required. 

24. What is the amount of the following bill : — 

257^ lbs. of green tea, at 4s. 4d. per lb. 
424 J lbs. of hyson „ 5s. 7id. „ 
214| lbs. of bohea „ 5s. lOJd. „ 
372 lbs. of black „ 3s. 9d. 
186 lbs. of coffee, at Is. 4id. 
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S5. Mr. John Dufour, Worksop, 8th October, 1863. 

Bought of Charles Clovis, 

346 yards fine white linen, at 5s. TJd. per yd. 

14s. 9d. 
3s. 10^. 
Is. 4d. 
Is. 7id. 
Is. lOfd. 

26. Sheffield, May 1st, 1853. 

Thomas Harrison buys from John Rogers, 

Silver castors, weight 52 oz. 4 dwts. 15 grs., at 7s. 6d. per oz. 
Silver cup „ 8 oz. 11 dwts. 10 grs. „ 6s. 4d. 

Silver teapot „ 18 oz. 8 dwts. 14 grs. „ 6s. 8d. 

Silver urn „ 7 lbs. 6 oz. 10 dwts. „ 5s. l^d. 

A dozen silver spoons 2 lbs. 7 oz. 15 dwts. „ 68. S^d. 
Required, the whole amount. 



145 




cambric 


684 




muslin 


172 




calico 


78 




diaper 


25 6 J 




Holland 



1} 

>» 
>» 
»» 



DIVISION OF COMPOUND QUANTITIES. 

255. In the division of compound quantities three cases 
present themselves: 

Ist, to divide a compound number by a simple number. 
2nd, to divide a compound number by a mixed one, or by a 
fraction. 

3rd, to divide a compound quantity by another. 

256. First case : To divide a compound quantity by a simple 
number. 

If 8 tons cost J£21. 16s. 4d., what is the price of 1 ton ? 

Since 8 tons cost £21. 16s. 4d., 1 ton must evidently cost 
one-eighth part of that money. Now, J of Jg21=Jg2, and Jg5 
over, which, reduced into shillings, and adding the 16s., amount 
to 116s., the J part of 1 16s. = 14s., with ''4s. over ; 4s. = 48d. 
and 4d. are 5 2d., and i part of 5 2d. is 6d., and there remains 
4d. ; again, 4d. are 16 farthings, and the i part of 16f. is 2f. 
The price of a ton is, therefore, £2. 14s. 6^d. The process is 
written down £is follows : — 

8 )21 16 4 
2 U 6i 
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Thus we have taken one-eighth part of £^l. IGs. 4d., or 
divided £21. 16s. 4d. by 8. Had the divisor been larger, the 
operation would have been performed by long division, as in the 
following example : — 

If the clothing of 748 soldiers amounts to £3153. 6s. 9d., 
what is the cost per man ? 

Since 748 soldiers cost £3153. 5s. 9d. in clothing, therefore 

1 soldier costs wl* of £3153. Ss. 9d., or '——-^ — - in 

748 

clothing, which quotient is found by the following process : — 

748)3153 5 9(4 4 3}, cost of each 
2992 soldier's clothing. 

161 
20 



3225 
2992 

233 
12 

2805 
2244 

661 

4 

2244 
2244 

• . • • 



The division may be effected by a process analogous to the 
one explained in (§ 245), by reducing the dividend to the 
lowest denomination, and dividing as in common division ; and 
this quotient is brought back again into higher denominations. 
But this process is too laborious to be useful in practice. 

257. EXERCISES. 

1. If 1 cwt. cost £137. 18s., what is the price per lb. ? 

2. A wheel makes 514 revolutions in passing over 1 mi. 467 yds. 
1 ft. What is its circumference ? 

3. How much will 1 piece of cloth cost, if 99 pieces cost 
£841. 10s. lOd.? 

4. What are raisins per cwt., if 145 cwt. cost £167. 19s. 2d. ? 
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5. If 40 bales of cotton weigh 52 cwt. 3 qrs. 12 lbs., what is the 
average weight of a bale ? 

6. The duty on a pipe of port wine, containing 138 gallons, is 
Jg52. 6s. 6d. How much is the duty per gallon ? 

258. Second case : To divide a compound number by a mixed 
number, or by a fraction. 

Ex. A piece of cloth, containing 64f yards, costs £75. 10s. 
7td. if. What is the price per yard ? 

It has been proved before that the quotient is not altered, if 
both the dividend and divisor be multiplied by the same number ; 
therefore, before dividing £75. lOs. 7id. Jf. by 64f, we shall 
multiply these two numbers by 8, and then proceed to divide as 
in case 1. 



644) 75 lb 

8 


d. f. 

7i i 

8 £. 8. d. 


517) 604 4 
517 


10J(1 3 4J 


87 




20 




1744 




1561 




193 




12 




2326 




2068 




258 




4 




1034 




1034 





The same result would have been obtained had we multiplied 
the divisor alone by 8 ; and after having performed the division, 
multiplied the quotient by 8. 

If the divisor were a fraction, the same process would be 
followed, for we should multiply both divisor and dividend by 
the denominator of the divisor, and proceed to divide as in 
case 1. 
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Ex. Suppose it is required to divide ig243. 4s. 9d. by |^. 

£. 8. d. 

ii) 243 4 9 
12 12 

11 )2918 17 
Jg265 7 

259. EXERCISES. 

1. What quantity of hops will £100. 10s. lOd. purchase, at 
15Jd. per lb. ? 

2. An estate of 630i acres is let for ^£1543. lOs. 6d. What is 
the rent per acre ? 

3. 38| chests of tea weigh 18 cwt. 3 qrs. 24 lbs. What is the 
average weight of 1 chest ? 

4. How many yards of cotton can be made for igl, if £^ pay for 
the making of 45 yds. 2 ft. 8 in. ? 

6. If 7043f lbs. of tea cost £908. 10s. lOd., what is the price of 
lib.? 

6. If a railway train goes 254 miles 3 fur. in 14^^ hours, at what 
rate does it travel per hour, including stoppages ? 

260. Third case : To divide a compound quantity by another. 

Here we shall have to consider whether the quotient is of 
different or of the same nature as the dividend. 

First, when the quotient is not of the same kind as the 
dividend. 

Ex. The making of a road cost £47. 198. 5d. per mile. How 
many miles can be made for £2728. 178. lOd. ? 

Since £47. 19s. 5d. is the cost of a mile, as many times as 
£47. 19s. 5d. is contained in £2928. 17s. lOd., so many miles 
will be performed. Here, then, we must observe that the 
quotient will express a number of miles, furlongs, Ac. There- 
fore, the lower denominations of the dividend cannot be adopted 
to determine the lower denominations of the quotient. On that 
account, in cases of this kind, the two quantities are reduced to 
the same denomination, and then the division is performed 
thus: £47. 19s. 5d. = 11513d., and £2728. I7s. 10d.=x 
d549S4d, 
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mi. 

11513)654934(56 
57565 


tar. 

7 


3 


« *8036i 16073 
11513 ^^ 23026 


79284 








69078 








10206 








8 








81648 








80591 








1057 








40 








42280 








34539 








7741 








H 








38705 








3870^ 








42575J 
34539 









8036i 

Secondly, when the quotient is of the same kind. 

Ex. The wages of a man for 23 yrs. 5 mo. 10 days are 
£224. 18s. 8d, What is the yearly amount! 

Here, by the question, we are led to divide iS224. 18s. 8d. by 
23 yrs. 5 mo. 10 days. But 23 yrs. 5 mo. 10 days = 8440 

days, or or %^ of 1 year. Therefore, the question 

1(« X tJU 
resolves itself into dividing £224. 188. 8d. by VsVf which 
operation is performed as shown in (§ 257). 
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yrs. 


mo. dsjB £. 8. d. 


23 


5 10)224 18 8 


12 


12 



281 2699 4 
30 30 

8440 8440)80976 0(je9. lis. 10|f^d. 
75960 

5016 
20 



100S20 
8440 

15920 
8440 

7480 
12 

89760 
8440 

5360 
[Note. — The pupil should never neglect to shorten his 
labour, when possible. It will have been noticed that \^^ 
= 3-p, and the work consists in multiplying the dividend by 
9, and dividing the product by 211.] 

261. MISCELLANEOUS EXERCISES. 

1. In 3 hrs. 25 min. a ropemaker made a rope 76 yds. 2 ft. 9 in. 
in length. How much of it was made per hour? 

2. If 2 cwt. 3 qrs. 1 lb. cost £150. 13s. lOd., how much does 
1 lb. cost ? 

3. Bought 14^ yards of velvet for £19. 8s. 8d. What was the 
cost per yard ? 

4. Twelve men and a boy have earned £45. 17s. lOJd. ; the boy 
is to receive 9 half-crowns. What is each man's share ? 

5. £300 was paid for 200000 bricks. How much is that per 
score ? 

6. If 112 ingots of gold are worth £77878. 5s. 4d., what is 
the value of 1 ingot ? 

7. If 150 reams of paper cost £75, what is that per sheet ? 

8. Divide £10416. 13s. 4d. among one million of persons. 
What will each receive ? 
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9. The daily wages of a man are Ss. 6d. In how many days 
will he earn £3. 19s. 6d. ? 

10. The length of the equatorial circumference is 24899 miles. 
It is divided into 360°, like every circle. Ist, find the 
length of 1°, and also of 1' in yards. 2nd, since the earth 
rotates in 24 hours, at what speed per hour are objects on the 
equator carried by that motion ? 

11. The wheel of an engine makes 1000000 revolutions in 7 
hours. What is its rate, in degrees, &c., per hour ? 

12. If in 1 minute every part of the circumference of a wheel 
moves 3° 20', m what time will 100° be described ? 

13. The circumference of a wheel is 41- yards. What is the 
length of 1°, and also of 35° 20' ? 

14. A schoolmaster receives £8. 7s. 6d. weekly, and each pupil 
pays 28. 6d. weekly. How many pupils has he ? 

15. A mgther who was asked the age of her daughter, replied, 
I am 34 yrs. 7 mo. 8 days 9 hrs. old ; my husband's age is 
31 yrs. 9 days. Now, if from one-half the sum of our ages 
19 yrs. 11 mo. 29 days 13 hrs. be subtracted, the remainder 
is my daughter's age. Find her age. 

16. A merchant sold 13 hhds. 66 gals, of brandy, 9 hhds. 54 
gals, of gin, and 10 hhds. 36 gals, of rum in 24 days. How 
much did he sell each day ? 

17. -A railway carriage went over 346 miles in 14 hrs. 34 min. 
45 sec. In what time was each mile performed ? 

18. At the Great Exhibition, besides other refreshments, there 
were consumed 870000 plain buns, at Id. each; 930000 
Bath buns, at 2d. each; and 1090000 bottles of ginger beer, 
&c., at 4d. per bottle. How much money was received for 
them? 

19. If a steam packet sailed 1020 miles in 4 days 18 hrs. 33 
min. 36 sec, what was the average rate per hour, and also in 
what time was each mile performed ? 

20. Divide £550. 3s. IJd. among 4 men, 6 women, and 8 
children, giving to each man double a woman's share, and 
to each woman triple a child's. 
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21. In common marching, soldiers take 75 steps a minute ; in 
quick marchings 108. How far would a regiment advance in 
8 hours, going 5 hours common, and 3 hours quick marching, 
reckoning 2 ft. 10 in. for each step ? 

22. At the Great Exhibition, there were, on a shilling day, 
76473 persons admitted ; on Ihe next day, when the admission 
was 2s. 6d., the number amounted to 39582. On which day 
was the most money received, and how much ? 

23. A draper bought several pieces of cloth, at the rate of 
£10. 2s. 9|d. for 5^ yards, and sold them again at the rate 
of £20, 18s. QJd. for 9^ yards. On the whole, he gained 
£1, 12s. 6d. How many yards were there ? 



REDUCTION OF CONCRETE QUANTITIES AS 
FRACTIONS OF OTHERS. 

262. All that has been said upon fractions relates to generalities ; 
they have been considered more as parts of abstract units. We 
shall now treat more particularly of the application of fractions 
to concrete quantities. 

Our first case shall be to express a given quantity in terms of 
or as the fraction of another given quantity. 

Ex. Express 5s. 6d. as the fraction of £1. 

As there are 240 pence in £1, therefore Id. is ^J^ of £1. 

But 5s. 6d. = 66d., hence 66d. are 66x^i^ of £1., or ff«:f% 
of£l, or Ji of £1. 

From which we infer this law : reducing both proposed quan- 
tities to the same denomination, the result of the first quantity 
is the numerator, and the result of the other quantity the 
denominator of the fraction required. 

Ex. What fraction of a ton is 2 cwt. 2 qrs. 14 lbs. ? 

Since 1 lb. is ^^^^^ of a ton, 
therefore 2 cwt. 2 qrs. 14 lbs., or 294 lbs. are ^V^V o^ 1 *on, 
or tVtf of 1 ton. 

Or thus : since 14 lbs. are y^^ of 1 ton, 
therefore 2 cwt. 2 qrs. 14 lbs., or 21 X 14 lbs. are ^%^ of 1 ton. 

Ex. Reduce £S. 14s. e^d. to the fraction of £5. 14s. 9d. 

Here £3. 14s. 6id. = 1789 halfpence, 

and £5. 14s. 9d. = 2754 halfpence. 

Since 1 halfpenny is ^-^f of £5. 14s. 9d., 

therefore 1789 halfpence are ^ff of £5. 14s. 9d. 
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Ex. Express 1 cwt. 6 lbs. as the fraction of 12 lbs. 

Since 1 lb. is y^ of 12 lbs., 
therefore 1 cwt. 6 lbs., or 118 lbs., are Vt » or V o^ 1^ ll^s. 

263. EXERCISES. 

1. Reduce lis. GJd. to the fraction of £1. 

2. Reduce £1. 10s. 6Jd. to the fraction of 6s. 9Jd. 

3. Express 16 hrs. 45 min. 45 sec. as the fraction of 1 day. 

4. Express 11 oz. 6 drs. as the fraction of 1 lb. 

5. What fraction of £1. 16s. Sjd. are 11 crowns 2s. 2d.? 

6. What fraction of 6 ac. 2 ro. are 3 ac. ro. 28 pi. ? 

7. Express 6 ft. 64^^ in. in terms of 3 yds. 9 in. 

8. Express 16f lbs. in terms of 3 qrs. 18 lbs. 

9. Reduce 3 wks. 5 days 14 hrs. 24 min. to the fraction of a 
lunar month. 

10. Express 3 hhds. 38 gals. 1 pt. in terms of 1 ton. 

11. Express 8 quires 18 sheets in terms of 1 ream. 

264. Secondly, we shall determine a method of expressing a 
fraction of one given quantity as the fiuction of another 
Ex. Express Js. in terms of £1. 

Since 1s. = tj^5 ^^ ^1» 

then is.=Tj^, 

and|s.=y^, or ^. 

From which it follows that we must multiply the given fraction 

by that fraction which shows what part the lower denomination 

is of the higher. 

Ex. Reduce f in. to the fraction of 1 yard. 

Here 1 inch is ^^ J^., 

then i inch is yd. ; 

^ 7 X 36 "^ 

therefore 4 inch is -^ yd. 

Ex. Express )^ of 1 guinea as the fraction of 10s. 

Here ls. = -j^ of 10s., 

and 1 guinea, or 21s., are f J of 10s. ; 

7x21 

therefore i guinea are ~ or 4* of 10s. 

^ ^ 9x10 ^' 



124 COURSB OF ABITHMETIC. 

265. EXEBGISES. 

1. Reduce f of a quarter of a guinea to the fraction of £1. 

2. Reduce 5| of a half-crown to the fraction of 16s. 

3. Express f of £1 as the fraction of £2. 10s. 

4. Express H of £2, 48. 6d. as the fraction of £10. 

5. Find the fraction of 1 cwt. which expresses ^J oz. 

6. Find the fraction of 1 day which expresses y*^ of a week. 

7. What is the fraction of a mile which expresses i of 648 
yards? 

8. Express ^ of f of 16 lbs. as the fraction of 1 ton ; and 4^ 
of 3f of a square inch as the fraction of a square yard. 

9. Reduce —2- of 3960 seconds to the fraction of 1 week. 

10. Find the sum and difference of ^ of £1, and {^ of 1 guinea. 

1 

Here * of £1=^ of 20s.=^ii^=l68. 8d., 

and f of 1 guinea=f of 21s.=^i^=lls. 8d. ; 

9 

3 

therefore the sum = 16s. 8d. + lls. 8d. = Jgl. 88. 4d. 

and the difference = 16s. 8d. — lis. 8d. = 5s.; 

or thus : Is. is ^ of £1. 

1 guinea, or 21s., are f^ of £1. 

f guinea are 2 — ~^=tV o^ ^1« 

3 4 

Therefore the sum=4+TV=d&}J=£l. 88. 4d. 
The difference = I — j7y=£J = 5s. 

11. I hour+f week+f day, to be expressed in positive terms. 

12. i of £3. 16S.+I of t of £1. 15s. 3}d.— J of £1. 68. SJd. 
to be expressed in positive terms. 

13. Find the result of f of £2. 3s. 9d. ; | of 6s. 8d. ; ^^ of 
£9. 8s. lOd. 

14. Find the result of 11 of 12| lbs. ; of J of £70/:^ ; and of 
2|| guineas. ^^ 
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15. Express the result of } of 1 ton 4 cwt — | of 1 cwt. 8 qrs. 
9 lbs. — I of 1 ton 1 cwt 1 qr. 1 lb. 



16. Express 3^ of £5. 18s. 8d.+| of £1. *2s. 6d.-f of 
£6. 14s. 7^. as the fraction of £10. lOs. lOd. 

17. Reduce ^ of 6 yds. 2 ft. 9 in.— ?i of |^ of 4 yds. 1 ft. 
6 in. to the fraction of 12 yds. 

266. MISCELLANEOUS EXERCISES IN FRACTIONS. 

1. The hands of a watch are together at twelve o*clock. When 
will that occur again for the Rrst time ? 

Since the minute hand moves round the dial in 1 hour, or 
60 minutes, whilst the hour hands moves the 5 minutes* distance, 
then the minute hand gains 55 min. in 60 minutes* time over 
the hour hand. But after one hour, or at one o'clock, the hour 
hand points at one, and the minute hand at twelve ; then the 
minute hand has 5 minutes' distance to gain to overtake the 
hour hand, 

and *.' 65 min. are gained in 60 min. time. 
1 min. is „ ^ or |^ min. 

.'. 5 min. are „ =|^ = 5 min. ^7iSj. sec. 

Thus they will be again over each other in 1 hr. 5 min. ^7^\ sec. 

2. Both hands of a watch are together between six and seven 
o'clock. The exact time is required. 

At six o'clock, the minute hand was 30 minutes' distance from 

the hour hand, then the minute hand had 30 minutes to gain to 

overtake the hour hand. 

But 55 min. are gained in 60 min. time, 

and 1 min. is „ \^ „ 

30 X 12 
.•. 30 min. are „ — — — „ or 32 min. 43^^ sec. 

Therefore the time is 32 min. 43y\ sec. after six o'clock. 

3. A watch, which loses 4 minutes in a day, is set right at 12 
o*clock on May 10th. What will be the true time on May 
17th, when tho hands of that watch point to 12 o'clock ? 

In 7 days the watch loses 7x4 min. = 28 min. 
But the day has 24 x 60 or 1440 minutes, and since it loses 4 
minutes, the minute hand moves only 1440 — 4= 1436 minutes ; 
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therefore, 1436 min. correspond to 1440 min. 
1 min. „ i$!S = |SS. 

28 min. „ ^8x360^ ^^ ^^^ ^ 

' 359 ^^ 

Thus, on May 17th, i^hen it is 12 o'clock by that watch, the 
true time will be 28 min. 4||^ sec. after 12 o'clock. 

4. A reservoir is filled by one pipe in 6 hours, by a second in 
5i hours, and by a third in 4} hours. In what time will it 
be filled by the three pipes, all running together ? 
'.• first pipe in 1 hour fills i, 

and second „ — = A. 

H 

and third „ — or ^i* 

4f ^' 

/. they fill together in 1 hour ^+^+y\ = « j=4 of reservoir. 

Now •.• ^ are filled in 1 hour, 

i is „ J hour, 

and ^, or the whole, is filled in J, or 1} hours. 

6. Three men. A, B, and C, perform a work in 24 days ; A and 
B can perform it in 32 days, and A and C in 36 days. 
What part of the work can B and C perform in 18f days ? 
•.• A+B+C do in 1 day ^\f of the work, 
andA+B „ V* 



A Q 

.-. C does in 1 day ^— ^j=-_=^ ; 
but A+C do in 1 day ^V, 



3 o 

.'. B does in 1 day ^ — ^V= ^- 



72 
and B+C in 1 day do ^V+i^=^=Tjiy ; 

and...B+Cinl8fdaysdol^=^=,. 

9 

6. A general, detaching ^\ of his army to occupy a certain 
height, and yV of the remainder to watch the enemy's 
motions, had only 700 men left. Eequired, the whole number 
of his troops. 
Let the whole army be represented by 1 , the unit, and we 

have : — 
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^ of the army on the height, and there remains 1 — ^\=z^\. 
tV 0^ TT» ^^ tVt ^^ ^^^ army watching the enemy ; 

77—49 
then soldiers remaining with general = y\ — rVr= =t'A 

of the army. ^'^^ 

Therefore, ^^ of the army amount to 700 men, 

and yiy „ „ '^ or 26 men ; 

therefore, the whole, or 1, = 121 x 25, or 3026 meik 

7. A man, carrying peaches, sold one-half of them to A, one 
quarter of the remainder to B, and had 6 left. How many 
had he at first ? 

Let what he had be represented by the unit, or 1 ; having sold 
^ to A, he had left ^ of his fruit ; to B he sold i of ^, or ^ of 
file whole. .". he sold i^+ J, or ^. 

So he had left 1 — 4, or J. 

.'. f of his fruit =6, 

and J of his fruit= J = 2 ; 

.•. the whole, or 1 = 8x2=16 peaches. 

8. I am the owner of 4 of a house. I sell f of J of my share 
for £825. lOs. 5d. What is the value of the house? 

The part sold is J of 4 of |, or H of the house ; 
then f ^ of the house are worth £825. 10s. 5d. 

and y?^ of the house is worth '- '. — !, or £33. Os. 5d., 

^^ 25 

The house, or ^, is worth 72 x£33. Os. 5d., or £2477. 10s. Od. 

9. A watch, which goes 3 minutes too fest every day, is set 
right at 12 o'clock. What will be the exact time when the 
haiids of the watch point at 12 minutes after 7 ? 

10. Both hands of a watch point at twelve. It is required to 
ascertain how many times they will be together from noon 
to midnight, and at what time will each meeting take place ? 

11. If +i of a ship cost £68249. 18s. 5}d., what must i of her 
be sold for to gain £116. 14s. 6d. 1 

12. A does a work in 4^ days, B in 6^-^ days, C in 3} days, 
and D in 4J days. How much will each man do in 1 day, 
and how long wUl they be performing the work together ? 

13. I spent first f of the contents of my purse, then J of 
the remainder; now -| of what I have left amounts to £1. 
lis. 4^d. How much had I at first ? 
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14. Find the sum, the difference, the product, and the quotient 
of f of iei6. 18s. lOd., and f of £2. 17s. 4d. 

15. Divide the sum of 4^, 5 J, 6| by the difference of 8^ and 
5 J, and multiply the quotient by the sum of 16^ and llf. 

16. Add together | of a guinea, £|, fs., |d., f cr., -J J moi., 
and i half-cr. 

17. If J of a ship be worth £496. 178. 2Jd., what part of 
her is worth £649. 17s. 6d.? 

18. In a plantation, ^ of the trees are oak, ^ chesnut, ^ 
larch, i Scotch fir, and the remaining 497 are beech trees. 
How many trees are there in the plantation ? 

19. If f of a lottery ticket cost £1. 10s., what is the price of 

M of a ticket 1 
H 

20. A horse and saddle are worth £75. The saddle is f of 
the value of the horse. Find the worth of each. 

21. If 10 men or 12 women perform a piece of work in 24 
days, in what time can 8 men and 8 women do the same? 

22. If A accomplishes a piece of work in 12 days, B three 
times as much in 16 days, and C four times as much in 
25 days, in what time can A, B, and C together do five 
times the same quantity of work ? 

23. A piece of linen, containing 25^ yards, weighs 12| lbs. 
What is the weight of 1 yard, and how many yards are 
there in 1 lb. weight ? 

24. A pedestrian left Worksop for London on the 1st of 
January, at 8| o'clock in the morning. His rate of travelling, 
including stoppages, was 5 J miles in 2 J hours. Another 
pedestrian left London for Worksop on the 2nd of January, 
at IJ o'clock in tHe morning, and his rate of travelling, 
including stoppages, was l\ miles in f hour. The distance 
between London and Worksop is 144 miles. It is required 
to answer the following questions : — 

1st, what is the rate per hour of the first man? 

2nd, in what time does he walk 1 mile ? 

3rd, on what day, and at what time, did he reach London ? 

4th, how far had he gone when the other man left town ? 

5th, at what rate per hour did the second man travel? 

6th, in what time does he walk 1 mile ? 



I 
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Tth, on what day, and at what time, did he reach Worksop ? 
8th, on what day, and at what time, did they meet on the road ? 
9th, at what distance from each place did the meeting take 
place? 

25. To make 1 Ih. of dough, H Ih. of water and {| lb. of 
flour are required. How much water and how much flour 
will it take to make 513 lbs. of bread, knowing that 1^ 
lbs. of dough are reduced by baking to I lb. of bread ? 

5J6. If 1| oz. of silver make a wire 2352J yards long, how 
long will the wire be that is drawn out of 1 oz. of silver? 

27. A thief, pursued by a constable, is 4 miles in advance. 
In what time will he be caught, if he goes 4 nules per 
hour, and the constable 1 nule in 8 minutes ? 

28. What is the difference between | of I bushel and ^V of 
1 peck? 

29. A person having ^ of a copper mine sells |^ of his share 
for £572. 128. How much is the whole mine worth ? 

80. Divide £1764. 18s. 6d. into 19i shares. 

31. Express | of a guinea — f of £1 as a fraction of lOs. 6d. 

32. Reduce ^ of a yard to the fraction of I English ell ? 

33. 16 cwt. 3 qrs. 15 lbs. 8 oz. are what part of 1 ton ? 

34. In a farm, i of the land is meadow, |- arable, and the 
remainder contains 64 ac. 3 ro. 28 pi. Find the quantities 
of meadow and arable land, and also the number of acres 
the farm contains. 

36. A person owes each of 6 creditors £1. 10s. ; to A he 
pays i of his debt, to B f , to C f , to D ^^, and to E y\. 
How much does he owe yet ? 

36. Express 24 days 15 hrs. 24 min. 16 sec. as the fraction of 
365i days. 

37. Find the result of 6Jxii-4-4f x|i. 

^ 16i ^ 9| 

38. If I gain 248. 6d. on £18. 18s., how much do I gain 
per £1 ? 

39. What fraction of £12. 10s., together with £4 48. 4d., will 
make £1 0. 10s. ? 

10 



130 COURSE OF ARITHMETIC. 

40. A* young lady's portion was £2400, which was J of i of her 
brother's fortune. How much was his fortune ? 

41. A bankrupt's assets are y'v of his debts. How much will 
he pay in the £1 ? 

42. If I had as much money as I have, half as much, and 
one-fourth as much more, I should have £198. How much 
have I ? 

43. What part of G^d. is 4 of £1. Is. li^d. ? 

44. What is the diflference between | of J of a crown, and | 
of ^ji of 1 guinea ? 

45. A younger son received £133. 6s. 8d., which was f of i^ of 
his elder brother's portion, and 3^ times the elder brother's 
was li times the father's property. How much was the 
father worth ? 

46. A party has a bill of £12. 7s. IJd. to pay, and one of 
them pays for himself and three friends £5. 9s. lOd. How 
many were there ? 

47. The I of £19. 16s. 9d. are /y of what? 

48. A man who was asked the time, answered, it is f of -J of 
y\ of ^ of 24 hours. What time was it ? 

49. A person being asked the hour of the day, said that the 
time past noon was ^ of the time till midnight. What was 
the hour ? 

50. A father left to his eldest son ^i of his property, to his 
second 41 of the remainder, and to his third son what was 
left. What was the share of each, if the shares of the first 
and second differed by £1200 ? 

51. A gets £4 of a legacy for B's £9, and C £5 for B's £12. A's 
share is £2000. What is the whole legacy ? 

52. If A, B, and C can build a wall in 24 days ; B, C, and D in 
27 days ; C, D, and A in 32 days ; and D, A, and B in 36 
days, in what time would it be done by all of them together, 
and by each of them singly ? 

53. If 12 apples be worth as much as 21 pears, and 3 pears 
cost Id., what is the price of 100 apples? 

54. A cistern is filled by two pipes in 3 and 4 hours respectively, 
and a tap empties it in 1 hour. If these pipes be opened in 
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order, at 1, 2, and 3 o'clock, prove that the cistern will be 
emptied at 12 minutes past five. 

55. |The consumption of coal in steam vessels is usually 
averaged at 7 lbs. per horse-power per hour. How many 
bushels of coal does an American steamer consume during 
her passage from Liverpool to New York, it being performed 
in 10 days 15 hours? The engines are two, of 250 horse- 
power each. About 82 lbs. of coal make 1 bushel. 

56. A hare, pursued by a greyhound, is 50 leaps in advance ; 
the greyhound takes 5 leaps whilst the hare takes 6, but 9 
leaps of the hare make only 7 of the greyhound. How 
many leaps will the hare take before she is caught ? 

57. What number is that, f of which exceeds f of it by 144 ? 

58. The pipe A fills a cistern in 5 hours, and B in 4 hours ; 
C empties it in 2 hours. Suppose the cistern filled, and 
the three pipes left open, how much time will it take to 
empty it ? 

59. A poor woman bought some pears ; for one-half she paid 
at the rate of a penny for 2, and for the other half a peimy 
for 3. She sold them again at 5 for 2d., and was astonished 
to find she had lost Id. by her bargain. How many had she ? 

60. Four persons divided £100 amongst themselves; the first 
received one-half of what the second got, which was two-thirds 
of what the third received, and the fourth had two-thirds 
as much as the other three. The amount of each person's 
share is required. 



PART VI 



RULE OF THREE, INTEREST, DISCOUNT, 
STOCKS, ANNUITIES, PARTNERSHIP, &c. 

267. We have now arrived at the examination of questions 
which are usually solved by proportion ; but since the properties 
of proportion depend more on algebraical than arithmetical 
principles, we propose postponing the demonstration of those 
principles, and to make use of a method which is superior, on 
account of its simplicity, conciseness, elegance, and rationality. 
It is from long experience in teaching that we prefer this plan to 
the ordinary one. 

Ex. 1. If 108 cwt. of sugar cost ^6448, what would 65 cwt. 
cost, at the same rate ? 

•/ 108 cwt. cost Je448, 

.-. 1 cwt. will cost yiy of £448, or £4J|, or £Vt J 

and .-. 66 cwt. „ QbxM'^"^, or ^^^2^111=: £2^9. 12s. T^d. 

Ex. 2. A pole, 8 feet long, casts a shadow of 7 feet. What 
is tiie height of a tower, which at the same time projects a 
shadow of 203 feet ? 

•/ 7 feet of shadow are cast by a pole of 8 feet, 

.-. 1 foot „ is „ „ I of 8 ft., or ^ ft. ; 

and .-.203 feet „ are „ by a tower of 52i^ or 232 ft. 

Ex. 3. A person owes £3074. 6s. 8d., but can pay only 
£1921. 9s. 2d. What will be the dividend, and how much 
shall I receive for a debt of £553. 3s. ? 
•/ £3074. 6s. 8d. are paid by £1921. 9s. 2d., 
.^^^ .^^ £1921.9s.2d. _ 3x£1921.9s.2d. _ £5764.78.6d . 
•• ispai 7^30^^ ggQ^ 3x£3074.6s.8d. 9223 

= 12s. 6d. =the dividend ; 
and.-.£553. 3s. are paid by 5533s»^x 12s. 6d., or £345. 14s. 4^d. 
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Ex. 4. If 12 men can do a work in 28 days, how many days 
will 20 men be doing the same ? 

•/IS men perform a work in 28 days, 

.'. 1 man performs the same in 12 x 28 days ; 

7 

12 X 2S 
and .*. 20 men perform the same in ^of 12 X 28 days, or t!z 

or 1 6| days. ?P 

Ex. 5. How much in length that is 7 feet 9 inches broad will 
be equivalent to what is 75 feet 6 inches long, and 7 feet 6 
inches broad ? 

•.•7 fu 6 in., or 90 in. broad, require a length of 75 ft. 6 in. 

1 in. „ „ 90 X 75 ft. 6 in. 

and /. 7 ft. 9 in., or 93 in. „ „ ^^ of 90 x 75 ft. 



30 



« . ?0X75 ft. 6 m. r^n iV Ao^ • 

6 in., or LJL =73 ft. 0|4 m. 

8 1 

Ex. 6. The provisions in a garrison were sufl&cient to last 
1800 men for 12 months; but at the end of 3 months the 
garrison was reinforced by 600 men, and two months after that 
a second reinforcement of 400 men was sent in. How long did 
the provisions last for the whole ? 

•/ 1800 men remain in the garrison 3 months, there is left 
9 months' provisions for 1800 men, when the first reinforcement 
comes ; 

then •/ 1800 men have provisions for 9 months, 

.". 1 man has provisions for 1800 x 9 mo., or 16200 mo. ; 
but 1800+600, or 2400 men remain 2 months before the second 
reinforcement arrives, which is the same as 1 man remaining 
2 X 2400, or 4800 months, and '.• the provisions would keep 1 
man 16200 months ; take away 4800 months and the difference 
expresses how many months' provisions would keep 1 man, 
when the second reinforcement was sent. 

.'. 1 man has provisions for 16200—4800, or 11400 months ; 
.-. 2400 + 400, or 2800 men will have provisions for ^^^ of 1 1400 
mo., or 4^ months, and hence the provisions lasted 3 + 2+4jV 
= 9-jJy months. 

268. Examples of this kind belong to that great variety of 
questions known under the name of Rule of Three, so called 
because three quantities being given, a fourth is found by means 
of them. In the three first examples, we may observe, that the 
answers increase and decrease respectively, as the quantities upon 
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which they depend increase and decrease ; whilst in the three last 
questions the answers increase and decrease as the quantities 
upon which they depend decrease and increase. On this account, 
some authors make two divisions, Rule of Three Direct and 
Rule of Three Inverse. But since all questions classed under 
those two heads are solved by the same method, we shall not 
make that distinction. 

269. Another class of questions, differing from those in 
(§ 267), in having more than three quantities given are known 
xmder the name of Double Rule of Three, but which might 
more correctly be named Rule of Five, &c., since five, &c., 
quantities are given, and a sixth, &c., is to be found. The 
following is an instance : — 

Ex. 1. If 36 acres of land be mown by 6 men in 5 days, how 
many acres can be mowed by 40 men in 16 days? 

*.• 6 men in 5 days mow 36 acres, 

/. 1 man in 5 days mows V» or 6 acres, 

/. 1 man in 1 day mows % acre, 

8 

40 X 6 
.'.40 men in 1 day mow lJl. , or 48 acres, 

1 
.'.40 men in 16 days mow 16x48, or 768 acres. 

Ex. 2. If 25 men, in 12 days of 9 hours each, can dig a 

trench 50 yards long, 4 feet broad, and 6 feet deep, how many 

men would be required to dig a trench 100 yards long, 3 feet 

broad, and 4 feet deep, in 18 days of 10 hours each ? 

dajs. hrs. yds. feet. feet. 

•/in 12 of 9 a trench 50 Ig. 4 bd. 6 dp. is dug by 25 men. 






1 .,9 


it 


50 „ 4 


a 


6 


it 


12x25 or 300. 


•^ >> ^ 


>» 


50 „ 4 


a 


6 


it 


9x300 or 2700. 


•*• »> ^ 


)} 


1 .. 4 


a 


6 


ii 


2^ZjP or 54. 


-*•>»■■• 


>» 


1 „ 1 


a 


6 


a 


V or 13i. 


*»»•*• 


»> 


1 ,, 1 


a 


1 


it 


l^*or2i. 


1 ,, 1 


>» 


100 „ 1 


a 


1 


a 


100 X 2i or 226. 


1 ,, J. 


»♦ 


100 „ 3 


a 


1 


»» 


3 X 225 or 675. 


*>»•*• 


if 


100 „ 3 


a 


4 • 


t) 


4 X 675 or 2700. 


18 „1 


»» 


100 „ 3 


a 


4 


a 


■2-2^ or 150. 


18 „ 10 


>• 


100 „ 3 


a 


4 


a 


Y^ or 15 men. 



This very simple and natural process is easily condensed into 
the following form, when the pupil has acquired practice. It is 
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observed that the last term is of the same kind as the quantity 
required. 

dftya. hrs. ' yds. feet. feet. 

•/in 12 of 9 a trench 50 Ig. 4 bd. 6 dp. is dug by 25 men. 

11 111 12X9X25 



60x4x6 

11 1*^6 1 



• 18 10 100 3 4 /gx9fX?gx;P)3x3x^ 

•• ^® " ^^ " ^^^ " ^ " ^ "?px^x?x;?x;p 

= 3x5, or 15 men. ^2 * ? * 

1 1 

Ex. 3. If the sixpenny loaf weighs 5^ lbs. when wheat is at 
6.75s. per bushel, what must be paid for 62i lbs. of bread, when 
wheat is at 18.5s. per bushel ? 
•/when wheat is 5,75s. per bushel, 5^ lbs. of bread cost 6d. 

1 .. lib. ,. ^^- 



»» * n 



6.75 X5i 



3-7 



B.^, iv ;r8.5x52ix6d. 
18.5s. „ 52ilb8. „ ^l r J 

= 183M = 15s.3M r:i7 * 

270. MISCELLANEOUS EXERCISES IN THE RULE OF THREE. 

1. If 17 workmen perform 119 yards of work, how much ^dll 
12 workmen perform in the same time ? 

2. If I lend a friend £500 for 9 months, how long ought he to 
lend me £800 to requite my kindness ? 

3. How many yards of paper, 27 inches wide, will hang a room 
that measures 50 feet round and 9 feet high ? 

4. What is the value of 144 cwt. of cheese, if 9 cwt. be worth 
£23. 6s. 6d. ? 

5. How many tons of iron can I procure for £121. 5s. 4d., at 
the rate of £12. 4s. 4d. per ton? 

6. If 6 cwt. 3 qrs. 12 lbs. of flour cost £9, what would 4 cwt. 
2 qrs. cost. 

7. If 5 acres ave rented for £4. 13s. 4d., how much of like land 
may be rented for £70. 10s. 6d. ? 

8. If the penny loaf weighed 14 ounces when wheat was 4s. 
per bushel, what must it weigh when wheat is 6s. 9d. per 
bushel ? 



136 COUBSE OF ARITHMETIC. 

0. If 14 horses eat 56 bushels of oats in 16 days, how manj 
btishels will serve 20 horses 24 days ? 

10. What must be the breadth of a piece of ground which is 
144^ yards long, so that it may be as large as a piece 40|^ 
yards long and 4 J yards broad ? 

11. An iron beam, 24 feet long, 2| feet broad, and 13 inches 
thick, weighs 28800 lbs. What must be the length of a 
beam whose breadth is 3J feet, thickness 8J inches, and 
weight 12428 lbs.? 

12. If 4 steam engines of 8-horse power, when employed 5 
days a week, and 12 hours a day, raise through a given 
height 128 four-bushel sacks of wheat, weighing 64 lbs. per 
bushel, in what time will 9 engines of 10-horse power, when 
employed 3 days in a week, and 10 hours per day, raise 
through 8 times the former elevation 196 three-bushel sacks 
of wheat, weighing 65 lbs. a bushel ? 

13. If 8 horses can plough, in 5 days, 56 acres, how many 
acres vdU 35 horses plough in 81^ days ? 

14. A captain of a ship has 10 months' provisions for 40 men. 
How long would those provisions last 32 men ? 

15. If the shilling loaf weighs 3 lb. 6 oz. when flour sells at 
£1. 13s. 6d. per quarter, how much should it weigh when 
flour sells at £1. 7s. 6d. per quarter? 

16. Provisions in a fortified tovm are found to last 10000 soldiers 
6 months ; but a reinforcement being required, so that the 
provisions vdll last only two months, the number of soldiers 
to be added to the garrison is required. 

17. If £1. 7s. be the wages of 4 men for 7 days, what vnll be 
the wages of 14 men for 10 days ? 

18. If 5 compositors, in 16 days of 14 hours long, can compose 
20 sheets, of 24 pages in each sheet, 50 lines in a page, and 
40 letters in a line, in how many days of 7 hours each can 
10 compositors compose 40 sheets, 16 pages in a sheet, 60 
lines in a page, and 50 letters in a line ? 

19. If the carriage of 4^ cwt. of goods, for 50 miles, cost 
£1. 2s. 9d., how fax can I have 14^ cwt. carried, for the same 
money ? 
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20. If 80 men perform a piece of work in 1 1 days, how many 
will accomplish another piece, six times as large, in a fourth 
of the time ? 

21. If 540 tiles, each 12 in. long and 12 in. hroad, will pave a 
floor, how many will the same require when the tiles are 10 
in. long and 8 in. hroad ? 

22. The length of a tower, which casts a shadow 160 feet in 
length is required, knowing that at the same time a post 
4 ft 6 in. casts a shadow of 15 ft. 8 in. ? 

28. A coat requires in making 2} yards of cloth, f yard hroad. 
How much would be required if the cloth was H yards 
broad? 

24. A company of gold seekers extracted 475 lbs. 8 oz. 12 dwts. 
16 grs. of gold in 9 yrs. 207 days 7 hrs. 50 min., when 
worfing 1 1 hours per day. How much will be extracted by 
the same company in 7 yrs. 67 days hrs. 86 min., working 
12 hrs. a day? 

25. A garrison of 6000 men has provisions for 6 months, 
allowing every man 18 oz. per day ; a reinforcement of 1500 
men is sent, and the provisions are to last 10 months. What 
must be each man's allowance ? 

26. Two pimiping engines, in 8 days of 1 1 hours each, have 
lowered the level of a lake 6 feet. How many hours a day 
would three engines, similar to the first, be at work to produce 
the same effect in 5 days ? 

27. What is the cost of 18 packs of wool, each 2 cwt. 1 qr. 
19 lbs., at the rate of £21. lOs. for 8 cwt. 17 lbs. ? 

28. A person completes a journey of 160 miles in 8 days, 
travelling 11 hours a day. In how many days would he 
complete 1000 miles, travelling 15 hours a day, at the same 
rate? 

29. If 9 masons can erect a wall, in 20} days of 9) hours each, 
how long would it take 8 masons to do 8} as much, reckoning 
12^ hours to ^e day ? 

SO. If the rent of 46 ac. 8 ro. 14 p. be £100, what will be the 
rent of 85 ac. 2 ro. 10 p. ? 

81. Suppose a greyhound makes 27 springs while a hare makes 
25, and the springs are of equal length. Now, if the hare 
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be 50 springs before the hound, in how many springs will he 
overtake her ? 

32. If the value of 1 lb. avoirdupois be £4. Os. S^d., how many 
shillings must be paid for 1 lb. Troy ? 

33. If a canal, 1 500 yards long, 6 yards wide, and 3 yards deep, 
be dug in 30 days, of 12 hours each, by 280 men, how many 
men would be required to dig another canal, 3 miles long, 4 
yards wide, and 2 yards deep, in 125 days of 10 hours each? 

34. If 14 lbs. of sugar be sold for 9s. 4d., when the cost of 

I cwt. is £3. 7s. 6d., what would be the cost of 1 cwt. when 

II lbs. are sold for 7s. IJd. ? 

35. If 4 artillerymen can fire a gun 48 times, and 5 men 52 
times in an hour, how much more time will be required for 
firing 21216 shots from 26 guns, when there are 4 men to a 
gun than when there are 5 men ? 

36. In what time would the wind move from the pole to the 
equator, at the rate of 2| miles per hour, the distance being 
6214 miles ? 

37. If 63 lbs. of tea cost £20. 10s. 6d., what will 70 lbs. cost of 
a different quality, 9 lbs. of the former being equal in value 
to 10 lbs. of the latter ? 

38. If the circumference of the driving wheel of a locomotive 
be 16i^ feet, how many revolutions will it make between 
Bristol and Exeter, the distance being 75it miles ? 

39. If 135f lbs, of thread are woven into a piece of linen, 
86| yards long and | yard broad, what would be the length 
of another piece, woven out of 116^ lbs. of thread, and which 
is li yards broad ? 

40. If f yard of velvet cost £|, what will ^ yard cost ? 

41. The making of 43 yds. 1 qr. 8 in. of cloth cost £48. 16s. 
9d. What will be the cost of 77 yds. 2 qrs. 9 in,, at the 
same rate? 

42. To clothe 25000 men, it takes 125000 yards of cloth, } 
yard wide. How many yards of cloth, i yard wide, are wanted 
to clothe 3840 men ? 
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INTEREST. 

271. The payment made for the use of money lent for any 
length of time is called Interest, and is usually reckoned at so 
much for £100 during a year; if the interest of £100 for a 
year he £5, the money is said to he lent at 5 per cent, per 
annum, and 6 is called the rate of interest. The money lent is 
termed the principal , and the sum of the interest and principal 
is called the amount, 

272. The rate is a conventional agreement between the lender 
and the borrower of the principal. There is, however, a limit, 
beyond which the rate is iUegal, Usurers are those who lend 
money at a higher rate than the law permits. 

273. The learner must remember that 4 per cent, does not 
signify only that the interest of £100 is £4, but it means as 
well that the interest of 100s. is 4s., or that the interest of 100 
fjEirthings, is 4 farthings ; in fact, it implies that the interest of 
100 units is 4 units of the same kind. 

274. The interest depends, then, on the principal, the time 
that the principal is lent, and the rate. 

275. Interest is of two kinds ; if the borrower pays the 
interest at a specified period, either yearly, half-yearly, or 
quarterly, according to agreement, it is called Simple Interest ; 
but when at the end of any stated time, as a year, &c., the 
interest is added to the principal for the second year ; and again, 
the interest accruing being added to the last principal, &c., it is 
called Compound Interest, 

276. There are five quantities concerned in interest, the 
principal, the rate, the time, the interest, and the amount, 
any three of these, (except the principal, the interest, and the 
amount) being given, the others can be found. 

277. Therefore, we have to consider the four following cases : 

Ist, to find the interest of a given principal, for a given time, at 

a given rate. 
2nd, to find the rate, when the principal, the interest, and the 

time are given. 
3rd, to find the time when the rate, the principal, and the 

interest are given. 
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4th, to find the principal, when the time, the interest, and the 
rate are known. 

278. 1st case : Find the simple interest of JB240. 10s. for 
1 year, and also for 6 years, at 4 per cent. 
100 in 1 year gains 4. 

1 „ 1 „ T^xy or .04. 

.-.£240.5 „ 1 „ 240.5 X £.04, or £9. 12s. 4|d. Ans. 1. 

£240.5 „ 6 yearsgains 240.5 x £.04 x 6 or £57. 14s. 4id. „ 2. 

Operation: 240.5 

.04 



9.620=£9. 12s. 4Jd. 
6 



57.720=£57. 14s. 4id. 

Ex. 2. What is the interest of £500. 13s. 4d. for 2} years, at 
2i per cent ? 

Here 100 in 1 year gains 2.75. 
.'. 1 in 1 year gains .0275. 
.•.£500J in 2i yrs. gains 500f X 2.75 X £.0275 = £37. 17s. S^^^^d. 

Operation: .0275 
2.75 

1375 
1925 
550 



.075625 

500 f 

37812500 
25208 i 
25208 i 

37.862916 13 4 
20_ 

17.258333 
12 

3.100000 
Answer, £37. 17s. 3^d, 
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Ex. 3. Required, the interest of JS865. 4s. lO^d. for 2 years 
4^ months, at 5t per cent 
•/ 100 in 1 year gains 5f , 

jn, mo. £, £, s. d. 

.-.£365. 48. lOid. in 2 yrs. 4i mo. gains ^ 4^x54x366. 4 lOj 
orJg48. 15s. 10^ 

£. •. d. 

Operation: 365 4 10^ 

5i 





4 
mo.: 


* = *of 
mo. = i yr. 

= ^ of 4 mo. 


1826 
228 

2054 


4 
5 

9 


2 yrs. 


^ 


mo. 


i 


4108 
. 684 

85 


19 
16 
12 


10* 

m 

Oi»* 







100)48.79 8 6^^^=* nearly 
20 

15.88 
12 

10.62 
4 



2.51 



Ex. 4. Find the interest of JB140. 10s. for 76 days, at 5 per 
cent 
Vl00in865 days gains 6, 

..1ml day gains = , 

^ ^ 100 X 365 100 X 730' 

£, s. £. •• iS. 

*o^A(^^f^ ' r,a A • 140 10x76x10 14 1x76x1 

. .£140. lOs. m 76 days gams — = x — 

^ ^ 100x730 10x73 

=£1. 9s. 3,Vfd. 
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£. s. 

Operation -.14 1 
ls. = ^ 76 



84 
3 16 



730)1067 16(£1. 9s. SsVjd. 
730 

337 
20 

6756 
6570 

186 
12 

2232 
2190 

42 

These questions will afford many opportunities of abbreviating 
the work, but for that the pupil must be well grounded in 
fractions ; he must be able to detect at a glance that by 
transforming an expression he may often obtain another more 
convenient to use. In the first and second examples we have 
introduced some decimals, which make the process very simple. 
The third example has been worked by practice ; and in the 
second line of the solution of the last example, we have adopted 
a transformation, in order to facilitate the division. 

279. 2nd case. Ex. 1. At what rate per cent, must 
J6102. 10s. be lent, So that the interest may be £12. 13s. S^d. 
in 2J years ? 
•.•£102. 10s. in 2.25 years gains £12. 138. 8id., 

4'1 



i 
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£. s. d. 

Operation: 112 13 8^ 
4 

2.25 50 14 9 
4.1 20 

225 1014 
900 12 

9.225)12177(1.32x1000= 1320(1. = 5 J 
9225 

29520 
27675 

18450 
18450 



Ex. 2. If £1 amounts to £\, 2s. 9d. in 3 J years, at what 
rate per cent, must it have been lent ? 
Here intere8t=dei. 28. 9d.— dei=28. 9d. 
\*£l in 3 J years gains 2s. 9d., or 33d., 

.-.jeiOO in 1 year gains 200xSU.^m><M =4^. 
^ ^ 3.25 ?.??X?^P ^^ 

•6 6 J[^ 

4 

280. 3rd case. Ex. 1. In what time will JC300 amount to 
i£350. 128. 6d., at 3f per cent, per annum ? 
Here interest =£350. 12s. 6d— £300=£50. 12s. 6d. 
•.•3f is gained by 100 in 1 year, 

. 1 • ^- J v> 1 • 100x1 
.*. 1 IS gained by 1 m , 

3i yr. 

.\£60. 12s. 6d. is gained by 300 in Wxlx50t^ 

^ ^ 3|x3pp - T^ffJ' 

Ex. 2. In what time will £818. 18s. 4d. amoimt to£1245. Ss., 

at 3f per cent. ? 

Here interest =£1245. 5s.— £818. 18s. 4d.=£426. 6s. 8d. 

•.'3 J is gained by 100 in 1 year, 

. 1 • • J v 1 • ixioo 
. . 1 IS gamed by 1 m — , 

^ yr. 

.-.£426. 6s. 8d. is gained by 818. 18s. 4d. in ^ ^ J^^u^Q^f * 
= 13fyr8. nearly. 3|x818H 
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818ii 


426i 
100 

42633t 
16 




i= 


= 1 of 2456| 

614A 
3070^4 
16 






49135 ) 682133^(13, 
49135 


,88 






190783 
147405 








433783 
393080 








407033 
393080 





281. 4tli case. Ex. 1. What principal will produce J6121. 

15s. 5d. in 2 yrs. 1 mo., the interest at 5 J per cent. ? 

•.•5f interest is gained in 12 mo. by 100, 

., . 100x12 

• . 1- 



>> »i * »» 



5J 

...£121. 15s. 5d. „ 25 „ iP0Xl2x£121.15s.5d.^ 
£1016. lOs. 5^|fd. H^^ 

Ex. 2. What principal, lent from the 24th of March, 1852, 
till the 17th November, 1853, at 4J^ per cent, per annum, will 
gain £1200? 

From March 24th, 1852, to November 17th, 1853, are l|f| 

yrs., or 603 days. 

'.•4^ is gained in 365 days by 100, 

. J . , , ,100x365 
.'. 1 IS gamed m 1 day by - 



4i 



400 



.-.£1200 is gained in 603 days by ^^il2^2i5?^=£16141. 
10s. 3id. nearly, W X H 
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282. EXERCISES. 



1. What is the interest of £862. 148. 2d. for 5 years, at 4^ per 
cent. ? 

2. Find the interest of £535 for 117 days, at 4J.per cent. 
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3. What principal will amount to JB1292. 68. 4Jd. in 9 J years, 
at 5 J per cent, per annum ? 

4. In what time will £350 amount to £40*2. 10s., ^t 3 per 
cent, per annum ? 

5. At what rate per cent, will £1500 amount to £1850 in 4i- 
years ? 

6. Find the amount of £1440. 15s. for 1 year 73 days, at 
5 per cent, per annum. 

7. In what time will any principal douhle itself, at H per 
cent, per annum ? 

8. If the interest on £261. lis. 8d. for 15 days he 8s. 8d., 
what is the rate per annum ? 

9 . At whatrate per cent, per annum will any principal triple 
itself in 20 years ? 

10. Find the amount of £4000 for 3 years 10 weeks, at 3^ per 
cent, per annum ? 

11. Find the interest of £3996. 15s. for 4 years 225 days, at 
3J per cent, per annum. 

12. What principal will bring £1312. 13s. interest in 27 months, 
at IJ per cent, per month? 

13. Borrowed, on March 12th, 1849, the sum of £2456. 12s. 
6d., at 5 per cent. ; on February the 2nd, 1851, I paid on 
account £932. ISs. 8d. ; on August 13th, 1852, I paid 
£442. 18s. 6d. ; and on May 18lh, 1854, I shall pay £925. 
10s. 9d. What will be the balance for me to pay on the 
31st of December, 1855 ? 

14. At what rate per cent, will £827. 10s. amount to £986. 
15s. lOJd. in 5 J years? 

15. What principal will amount to £1383. 158. lljd. in 5 J 
years, at 3J per cent, per annum ? 

16. Find the interest and amount of £1000 for 2 yrs. 9 mo. 
25 days, at 4i per cent, per annum. 

17. The interest of £319. 6s. for 5f years was £68. 148. 9id. 
Find the rate per cent, per annum ? 

18. Required, the simple interest on £1064. ISs. 6d., from 
May Ist to October 8th, at 3^ per cent, per annum ? 
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19. How long will £670 be in amounting to £840. 10s., at 6i 
per cent, per annum ? 

^0. A's income is derived from two equal principals, one being 
lent at 4, and the other at 5 per cent, per annum. If his 
annual income be £650, what is the value of each principal ? 

^\, A persons daily income is £S-f^\; ^ of the principal is at 
3i per cent., i at 3f per cent., -^^ at 4^ per cent, per 
annum. How much is each principal, and also the whole 
fortune ? 



COMPOUND INTEREST. 

283. When the interest is added yearly to the principal, and 
we consider the sum accruing as a new principal, the interest 
is compound. 

Ex. Required, the compound interest of £1200, at 5 per 
cent, per annum, for 4 years 6 months. 

There are several methods of solving questions of this kind. 

1st method : Find the interest, year after year, adding it 
each time to the last principal. 

For instance, the interest of 1st year's principal, or £1200, is 
£1200x5 ^^^^ 

100 

/. the interest of 2nd year's principal, or £1260, is £1E52 
=£63. ^0 

/. the interest of 3rd year's principal, or £1323, is — — 
=£66.15 ^0 

.-. the interest of 4th year's principal, or £3 389.15, is 
£1389.15 ^^69 4575^ 
20 

/. the interest of next i year's principal, or £1458.6075 is 
£1458.6075 ^^3^.4052. 

20x2 

.•.theamount=£1458.6075 + 36.4652+£1495.0727. 

Hence C.I. = £1495.0T27 — £1200 = £295.0727=£295. Is. 
SJd. nearly. 
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Snd method : Find the amount of £1 for the given time, and 
multiply it by the given principal. 
•/ 100 bring 5, /. 1 brings .05. 

Then, at the end of Ist year, £1 amounts to £1 .05 ; 

2nJ year, £l amoimts to 1.05 x. 05 + 1.05 = 1.1025 ; 

3rd year, £1 amounts to 1.1025 x. 05 + 1.1025 = 1.157625; 

4th year, £1 amounts to 1.21550C ; 

the next J year £1 amounts to 1.245894. 

And'/£1 is worth, at the end of 4J years, £1.245894, 

.-. £1200 is worth, at the end of 4^ years 1200 X £1.245894, 
or £1495.0728. 

To avoid the tediousness of this process, tables have been 
constructed on this principle, giving the amount of £1 for 
dififerent numbers of years, at different rates of interest. The 
following concise table may be found useful : — 

TABLE OF THE AMOUNT OF £1 FOR ANY NUMBER OF YEARS 

UP TO TWENTY. 



Yrs. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



3 per cent. 



1.03 

1.0609 

1.092727 

1.1255088 

1.1592741 

1.1940523 

1.2298739 

1.2667701 

1.3047732 

1.3439164 

1.3842339 

1.4257600 

1.4685337 

1.5125897 

1.5579674 

1.6047064 

1.6528476 

1.7024331 

1.7535060 

1.8061112 



3^ per eent. 



1.035 

1.071225 

1.1087179 

1.1475230 

1.1876863 

1.2292553 

1.2722793 

1.3168090 

1.3628974 

1.4105988 

1.4599697 

1.5110687 

1.5639561 

1.6180945 

1.6753488 

1.7339860 

1.7946756 

1.8574892 

1.9225013 

1.9897889 



4 per cent. 



1.04 

1.0816 

1.124864 

1.1698586 

1.2166529 

1.2653190 

1.3159318 

1.3685690 

1.4233118 

1.4802443 

1.5394541 

1.6010322 

1.0650735 

1.7316764 

1.8009435 

1.8729812 

1.9479005 

2.0258165 

2.1068492 

2.1911231 



4^ per cent. 



1.045 

1.092025 

1.1411661 

1.1925186 

1.2461819 

1.3022601 

1.3608618 

1.4221006 

1.4860951 

1.5529694 

1.6228530 

1.6958814 

1.7721961 

1.8519449 

1.9352824 

2.0223702 

2.1133768 

2.2084788 

2.3078603 

2.4117140 



6 per cent. 



1.05 

1.1025 

1.157625 

1.2155062 

1.2762816 

1.3400956 

1.4071004 

1.4774554 

1.5513282 

1.6288946 

1.7103394 

1.7958563 

1.8856491 

1.9799316 

2.0789282 

2.1828746 

2.2920183 

2.4066192 

2.5269502 

2.6532977 



3rd method : •/ 100 are worth in 1 year 105, 

.-.£1200 are worth in 1 year ^ ^^^ =amount of £1200 
at the end of 1st year. 



100 
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•/ 100 are worth in 1 year 105, 

. 1200 X £105 ^, . , 1200 X 105 X £105 
/. are worth m 1 year = amount 

100 ^ 100x100 

of £1200 at the end of 2nd year. 

. 1200xl05x£105_ ',.,^^^ 1200x105 X 105 X £105 
,*. — . are worth m 1 year 

100x100 ^ 100x100x100 

= amount of £1200 at the end of 3rd year. 

X., . . 1200 X 105 X 105 X £105 ^, . , 

Likewise, . . are worth m 1 year 

100x100x100 ^ 

1200X105X105X105X£105^^^^^^ ^^ ^^^^^ ^^ ^^ 

100x100x100x100 

4th year. 

. , . 1200 X 105 X 105 X 105 X £105 ^, . , 

And . . are worth in 1 year 

100X100X100X100 ui m 1 yciir 

^^^""Wf^^^ ^1^00 at the 

;ppx;p0x;ppx;ppx;pp 

11 4 

end of the next \ year. 

Performing the work, we find as hefore, £1495.0727. 

Hence, we must multiply the principal hy the amount of 
100 for 1 year as many times as there are years in the question, 
and divide that product by 100, multiplied by itself as many 
times as there are years. The quotient will be the amount. 

4th method depends upon the raising of quantities to dif- 
ferent powers, and for that reason we postpone the explanation 
of it to a later part of the work. 

Ex. 2. Determine the amount of £725 in 4 years, at 5 
per cent. C.I. 

1st year's principal 725 
Interest at 5 per cent. 36.25 

2nd year's principal 7 HI. 2 5 
Interest at 5 per cent. 38.0625 

3rd year's principal 799.3125 
Interest at 5 per cent. 39.9656 

4th year's principal 839.2781 
Interest at 5 per cent. 41.9639 



£8bl.2420=£881. 4s. lO^d. 



COMPOUND INTEREST. 149 

Ex. 3. What is the difference between the simple interest of 
£10000 for 1 year, at 6 per cent per annum, and the C.I. of 
the same sum for a year, taken quarterly ? 

The simple interest of £1000= 100 x 6 = £600. 

ippxippx;0)dx/pp 

=£10613. 128. 8id. ^P ^P 

4 4 

C.I. = £10613. 12s. 8id.— 10000 = £613. 12s. Sjd. 
Di£ference £613. 12s. 8jd.— £600 = £13. 12s. Sjd. 

284. EXERCISES IN C.I. 

1. Find the C.I. of £640 for 5 years, at 3 per cent, per annum. 

2. Which is the most advantageous to receive for the value 
of a house, £5000 ready money, or £5750 in 3 years, sup- 
posing the interest compound, and the rate 5 per cent per 
annum ? 

3. An engineer, whose salary is £150 a year, puts in the 
Savings Bank every year one-tenth of his stipend. How 
much vdll he have in 6 years, the rate of interest being 
^\ per cent per annum ? 

4. Required, the C.I. of £9375, at 10 per cent, per annum, for 
3 years 8 months. 

6. What is the rate per cent, per annum on a principal lent 
at 11 per cent, quarterly, C.I. 

6. Find the amount of £819. 4s. in 4 years, at 12^ per 
cent, per annum, C.I. 

7. Required, the difference between the simple and compound 
interest on £1460. 18s. 9d. for 5 years, at 4 per cent per 
annum. 

8. What will be the amount of 6 payments of £1200, put 
yearly into a bank for 6 years, at 10 per cent, per annum ? 

9. How much must be put to C.I., at 4 per cent, per annum, 
to make the sum of £33955. 13s. in 5 years ? 

10. What principal, lent at C.I., at 6 per cent, per annum, 
will amount to £2050. 10s. 8d. in 3 years? 

11. If a boy, 14 years old, ^has a legacy of £20p0 left to him. 
How much will he have to receive at the age of 21, the 
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legacy increafling, at C.I., at the rate of 5 per cent, per 
annum ? 

J 2. Determine the C.I. of £15000, at 4 per cent, per annum, 
for 3i years ? 

13. During 6^ years a person puts £1000 each year, at C.I., 
at 4^ per cent, per annum. How much will he have to re- 
ceive, at the end of that time ? 



DISCOUNT. 

285. Discount is an allowance made upon the payment of 
money before it is due. To explain this, let us suppose that 
a bill of £3000, which is to be paid in 1 year, is taken to 
a banker in order to have it discounted. It is required to 
find what he will deduct, and what he will pay to the holder 
of the bill, if the rate of interest be 6 per cent. 

The holder of a bill is evidently entitled to receive a sum, 
which being added to its interest for 1 year, would amount 
to £3000, the value of the bill. 

But since £100, at 6 per cent., amounts to £106 in 1 year, 
it follows that £106, due 1 year hence, is of the same value 
as £100 ready money. 

.'.if 106 are worth now 100, 
1 is worth now 4-gg, 

.-.£3000 axe worth now ^^^^^^^^=£2830. Ss. 9d. nearly- 

Also, if for 106 the banker deducts 6, 
/. for 1 the banker deducts y^ ^ ; 

.-. for £3000 the banker deducts 5^5^^ or £169. 16s. 3d. 
nearly. ^^^ 

The present worth of the bill is, therefore, £2830. 3s. 9d., 
and the discount £169. 16s. 3d. 

We have, then, the present worth = the given sum — ^the 
discount ; 

And the discount = the given sum — ^the present worth. 

286. This method of calculating discount, though the true 
one, is not that employed by bankers and merchants ; it is 
customary to charge as discount the interest of the som for 
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the given time, which gives the discount too large, and, con- 
sequently, the present worth too little, hy the interest of the 
true discount. Thus, if a hanker discounted a bill of £3000, 
at 6 per cent., he would deduct the interest of that sum for 
1 year, which is £180, exceeding the true discount by £10. 
ds. 9d., which is the interest of £169. 16s. dd., and the present 
worth is £3000— £180=£2820. Therefore, by this transac- 
tion, the holder would lose £10. ds. 9d., which sum the banker 
would gain. 

287. The bankers* method is supposed to be preferred, as 
involving less intricate calculations ; and when the time is short, 
and the sum small, as it is generally the case in real business, 
the difference between the results found by the two methods 
is but trifling, and the easier method, though false in principle, 
may be adopted ; but when the time is long, and the sum large, 
the error is too considerable to be allowed for the sake of easy 
calculation. 

ii88. Discount is mostly applied to the payment of bills, 
which are stamped documents, given by buyers to sellers, by 
debtors to creditors, and under many other circumstances, both 
as security for money due, and as a means of obtaining the 
immediate use of cash, not payable till a given time. If such 
a bill be presented to a banker, before the time fixed for 
payment, and he accepts the security of the person promising 
payment, or of the holder of the bill, he vdll discount it, or 
pay its present value at once, deducting the interest for the 
time it has to run. 

289. When a bill is drawn to run a certain time, three days 
are allowed after the expiration of the term before the bill is 
presented for payment. Thus, a three months* bill, dated May 
1st, would be nominally due on the 1st of August, but legally 
on the 4th of August. These extra days are called days of 
grace, 

290. When articles are paid for at the time of sale, or shortly 
afterwards, tradesmen allow a discount of 6 per cent., which is 
the same as Is. per £1 from the amount. For example, in 
settling an account of £24. 148. 8d., most tradesmen would 
allow £1. 4s. 6d., viz., 248. for the £24, and 6d. for the 14s. 8d. 
The discount may consist of odd shillings and pence over a 
certain sum in pounds, but it is generally in the shape of a 



% 
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percentage. This allowance is the interest of the d^t, and not 
of the present value, and will he to the payer's advantage : it 
thus differs in principle from the bankers' discount. 

Ex. 1. Required, the present worth of a bill of £486. 18s. 8d., 
drawn March 25th, at 10 months, and discounted on June 19th, 
at 5 per cent. Here, from June 19th to January 25th, are 220 
days ; with the three days of grace, 223 days. 

By bankers' discount : 

•/the interest of 100 for 365 days is 5, 

/.the interest of 100 for 223 days is H5?2i? or 3 A- 

1 3 

/.the interest of £486. 18s. 8d., the amount of the bill, for 

c\e\n J • £486. 18s. 8d. X 3ir*jr «., j ,-^ />■, 

223 days is Il=or £14. ITs. 6d. 

•^ 100 

.-.present worth =£486. 18s. 8d ^£14. ITs. 6d.=£472. Is. 

2d. nearly. 

By true discount : 

•/103y^ are worth now 100, 

.-.the present value of £486. 18s. 8d. is ^^8^- ^^s. 8d.x£100 
=£472. 10s. nearly. l^^if^ 

Ex. 2. What is the present worth and discount of £550. 10s. 
for 9 months, at 6 per cent, per annum ? 
Bankers' discount : 
•/lOO in 12 mo. give 5 discount, 

8 

.-.£550. 10s.m9mo.give*^^2ll?!l2l£2il=£20. 12s. lOid. 
discount. mxf? 

S 4 

True discount : 

•/ 103.75 are worth now 100, 

.-.£650. 10s. „ £My|^^=ie630. 12s. Oid. 

= present worth. Ppf'ff 

* 8 3 

/.£550. lOs,— £530. 12s. 0^d,=£19. 17s. Ilj4. = discount. 

Ex. 3. What would a banker gain by discounting, on July 
8th, a bill of £447. 12s. 6d., dated June 23rd, at 6 months, 
at 5i per cent, per annum ? 

Counting 6 months and 3 days from the 23rd of June, we 
find the bill to be due on the 26th of December: from the 
8th of July to this date there aire 171 days. 
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Then, by bankers* discount : 

100 in 365 days give 5i discount, 1^ 

171 X £447. 12s. 6d x£^ 



Operation: 447 12 6 
10s.=jei - 171 


100 X ^? 

7S0 


447 




8129 




447 




2s 6d.=£i .. 85 10 




21 7 6 





76543 17 6 

Lli 

84198-2 12 6 
38271 18 9 



73000)880254 11 3(£12. Is. 2d. nearly. 
73 

150 
146 



4254 
20 

85091 
73 

12091 
12 

145095 
146000 



.-.present worth=£447. 128. 6d.— £12. Is. 2d.=£435. lis. 4d. 

By true discount : 

•/1024^JJJ are worth now 100, 

. OAAM 1ft OLA wi, £447. 128. 6d. xlOO n.Q< 
.'.£447. 12s. 6d. are worth now — ^ =£^3o. 

I7s. 8d. nearly. ^mHi 
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B, •. d. 

Operation: 447 12 6 

100 



102^1* 
1460 10s. 


44762 10 
=&\ 1460 


6120 
408 
102 
1013 


2685720 
179048 
44762 

730 


149933 ) 


65353250(je435. 17s. 8d. nearly 
599732 




538005 
449799 




882060 
749665 




132395 
20 




2647900 
149933 




1148570 
1049531 




99039 
12 




1188468 
1199464 



/. bankers' gain =£435. 17s. 8d.— ^6435. lis. 4d. = 6s. 4d. 

291. EXERCISES. 

1. What is the discount of £690. 3s. 9d., due 9 months hence, 
at 3 per cent, per annum ? 

2. Kequired, the present worth and discount of £1780. 19s. 8d. 
for 3i years, at 4^^ per cent, per annum. 

3. What would a banker gain by discounting a bill of £720. 
13s. 8d., drawn on May 18th, at 10 months, and paid on 
October 30th, at 5 per cent, per annum ? 

4. If the present worth of £11178 be 10800, what is the 
discount per cent. ? 

6. Bought goods to the value of £35. 8s., to be paid 8 months 
hence. What ready money will pay for them ? 
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6. What ready money will pay a bill of iglOOO, duo 130 days 
hence, discounting at 6 per cent, per annum ? 

$J92. There are several other instances in which the principle 
of interest is applied, the examples being computed in the 
same way, and the rate per cent, is charged as in simple 
interest. 

Commission is an allowance made by one merchant to another, 
called agent, for buying and selling goods. 

Brokerage is a small allowajice paid to brokers, for nego- 
ciating bills, or transacting other money concerns. 

Insurance is a security given by a person to another party, 
to insure the value of property against loss by fire, or other 
accidents. The rate of insurance is generally 2s. 6d., or J 
per cent, per annum, for houses ; but the percentage is regulated 
by the nature of the property insured, and the risk to which 
it is exposed. The deed of agreement in insurance transactions 
is called a policy of insurance, and the annual payment is the 
premium. 

Sums of money are also insured on persons* lives, so that 
an individual paying annually a premium during his life, has 
a sum insured to be paid to his family at his decease. The 
percentage is regidated by the age and the health of the person 
whose life is insured, at the time of the contract. 

Insurance companies publish tables, in which are laid down 
the percentage allowed, according to the kind of property, the 
dangers to which it is exposed, &c. 

Statistics are a class of useful facts relating to the population 
of countries, the number of births, marriages, deaths, the sani- 
tary condition, the revenue, wealth, and resources, and various 
other particulars, which enlightened governments find necessary 
to collect, in order that, by comparison with previous statistics, 
the increased or decreased prosperity of nations may be traced. 
The principle of these statistical calculations is the same as 
that laid down in interest. 

Ex. 1. What is the commission on £569. 14s. 9d., at 7J per 

cent. ? 

Here we have : on 100 the commission is 7^^, 

OKan !>. nj i.1. ... £569. 14s. 9d.x 7*^ 
/. on £569. 14s. 9d. the commission is -—- 1 

or £42. 14s. TJd. ^^^ 

Ex. 2. What is the brokerage of £879. 18s., at J per cent. ? 
•/on 100 the brokerage is f, 
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/.on je879. 18s, the brokerage is £5Z?lJ??l21?=£3. 5s. ll}d. 

Ex. 3. What is the insurance of an East India ship and 
cargo, valued at £'35727. 17s. 6d., at 17 J per cent. ? 
'.'on 100 the insurance is 17 J, 

.•.onie35727. 17s. 6d. the insurance is ^^^^i^^. 178. 6d.xl7| 
=£6386. 7s. lid. 1^<> 

Ex. 4. At 5^ guineas per cent., how much must be insured 
on goods worth £813. lis. 3d., so that, in case of loss, the 
owner may receive the value of the goods and of the premium ? 

If £100 be insured at 5^ guineas per cent., .the owner would 
receive only £100 — 5i guineas, or £94. 4s. 6d. Thus, £100 
cover goods to the value of £94. 4s. 6d., and the £5. 158. 6d. 
per cent, which is paid for the insurance. 

'.'to receive £94. 4s. 6d., you must insure £100, 

.-.to receive £813. lis. 3d. you must insure ^^l-^^-^ls-^^X ^QO 
=£863. 8s. 6d. ^^A 

Ex. 5. What is the premium on a policy of insurance for 
£3548. 12s. 6d. upon the life of a person aged 40, at the rate 
of £3. 8s. per cent, for that age ? 

•.•£100 is insured for £3. 8s., 

.•. £3548. 128. 6d. is insured for ^^548. 12s. 6d.x3|^ 
£120. 13s. OJd. 1^^ 

Ex. 6. In 1833, the population of England and Wales was 
estimated at 15 millions, and the total number of children at 
school was 276947. What part of the population was at school, 
and also how much per cent. ? 

•.•in 15000000 there are 1276947 at school, 

.-.in 1 there is tVoVioWs* or .08513, or ^'^"^ nearly. 

.•. in 100 there are 100 x .08513, or 8.5 nearly. 

293. EXERCISES. 

1. Find the commission on £816. 7s. 2d., at 9s. 9d. per cent. 

2. If a broker sells to the value of £1400, what will be the 
amount of his brokerage, at i per cent. ? 

3. What would be the expense of insuring £18000, at 10s. 6d. 
per cent., policy 2s. 6d., and duty 3s. per cent., on the value 
insured? 
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4. What would be the expense of insuring property worth £5S00, 
at If per cent. ? 

5. What premium must be paid by a person, 34 years of age, 
on a policy of £'2000, at the rate of £2, 16s. per cent. ? 

6. For what sum should a cargo, worth £10526 be insured, at 
8| per cent., so that the owner may receive, in case of loss, 
the value of both cargo and premium ? 

7. In an hospital, there were admitted, in 1 year, 2340 patients, 
of whom 360 died, and the remainder were dismissed cured. 
How many per cent, died ? 

8. An agent received £240 commission for goods sold. The 
value of the goods is required, commission being at 6J per 
cent 

9. If a broker sells goods to the amount of 1000 guineas, what 
is his charge, at ^ per cent. ? 

10. At £3. 4s. 8d. per cent., what will be the cost of insuring 
goods worth £2640, so that, in case of loss, the owner may 
be entitled to the value of the goods and the premium ? 

11. A. cargo, worth £60000 is insured at 6 per cent; during 
the voyage it is damaged to the value of £1250. What re- 
mains for the Insurance Office ? 

12. Some goods, valued at £264, are insured at 1 J per cent ; 
whilst being convoyed to their destination they suffer damage 
to the amount of £66. How much does the Insurance Com- 
pany lose ? 

13. The population of a town is 164246 in 1852. What will 
it be in 1853, if the increase is at the rate of l-^ per cent. ? 
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294. It sometimes happens that the exigencies of a state 
demand a larger supply of money than can be obtained by the 
ordinary process of taxation, and on such occasions the govern- 
ment finds it necessary to contract a loan, and this is effected 
by giving to the lender a bond, acknowledging the debt, and 
agreeing to pay a certain rate of interest for the money, whilst 
it reserves to itself the option of the time of paying off the 
principaL 



^ 
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These bonds are transferable ; their anumnt is called Stock, 
and it is usual to call each bond £'100 stock. 

Suppose a person is willing to lend d^lOO to government, he 
applies to a respectable stock-broker, (an agent who transacts 
the sales and purchases of stock) who makes the purchases, 
charging | per cent, for the commission. The broker receives 
a receipt or bond, which he will hand to the person, who 
becomes fund-holder, or owner of government stock, by which 
he is entitled to a dividend, or interest, every half-year, until 
he chooses to withdraw his money from the hands of govern- 
ment, which may be done by employing the stock-broker to 
sell the J^JOO stock, allowing him, as before, i por cent, for 
the commission. 

There are many circumstances which are continually altering 
the price of stock, such as money being scarce or plentiful; 
political changes at home and abroad, bringing prospect of war 
or increasing confidence ; commercial dulness or conmiercial 
prosperity, &c., but the nature of the security remains imim 
paired. 

Notwithstanding this continual fluctuation, (which may occur 
even three or four times in one day, according to the. news 
which reach the Stock Exchange,) it is customary to offer shares 
of nominally £'100, for £80, £8^3, £90 each. 

Thus, to buy in the 3^ per cent, at £80, means that the 
owner of every £100 stock, paid at the time of buying £80 
sterling for it, and he gets 3J per cent, interest. If, when 
buying, money is scarce, the price of stock is low ; on the 
contrary, if it be plentiful, the price of stock will be high. 
Now, since during this fluctuation the rate remains the same, 
it follows that the lower the stock is in value, the larger interest 
the buyer obtains, and the higher the stock is, the less interest 
he gets for his money. 

The stock is said to be at par when the price of £100 stock 
is £100 sterling ; it is at a premium if the price be more than 
£100 sterling, and at a discount when below. 

There are various government stocks : the 3 per cent. Consols, 
which is an abbreviation of consolidated annuities, or of several 
annuities consolidated together ; the 3 per cent. Reduced An- 
nuities, the Bank Annuities, &c. 

The money borrowed by government from those who hold 
bonds constitutes the National Debt, and the source from which 
interest or dividend is paid is called the Public Funds; 
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but tliat portipn of the public securities, whose dividend is paid 
out of the Public Funds, is specially termed the Funded Debt, 
and whenever temporary loans have been raised by government; 
by the issue of securities called Exchequer Bills, they constitute 
the Unfunded Debt, 

When a person becomes proprietor of stock, the transaction 
is recorded in the account books of that stock, kept by govern- 
ment, in the Bank of England. 

295. The same view is taken of the capital of joint-stock 
associations ; the money is raised by shares^ among the partners. 
The shares are fixed at a certain sum : £10 each, £50 each, 
or any other sum. Now, should the undertaking prove lucra- 
tive, and yield a percentage larger than was expected, the shares 
find a ready market, and rise in price : a £50 share may bring 
£64, in which case the shares are said to be £14 above par, &c. 

Ex. 1. What is the purchase of £816. 15s. 3d., in the 3 per 
cent. Annuities, at 74 J per cent. ? 
•.•£100 stock cost J£74i sterling, 

.-.£816. 15s. 3d. cost ^^l^li^lJ^ll^ii^ or £608. 9s. 9d. 
sterHng. ^^^ 

Ex. 2. What stock can be bought for £2418, in the 3 per 
cent., at 93 ? 

'.•£93 sterling buy £100 stock, 

.-. £2418 sterling buy ^^^^^^^^^ or £2600 stock. 

Ex. 3. How much per cent, will be obtained by purchasing 8 J 
per cent, stock, at 92 ? 
v£92 SterHng gain de3 J, 
.•.£100 sterUng gain ^^^>^;£3j. ^^ ^^^ ^ 

Ex. 4. If £1170 be invested in the 3j- per cent , at 78, what 

annual income arises ? 

v£78gain£3j, 

1 ft 

m 

.-.£1170 gain i!722i£^=£52. 10s, 

%^ 

1 

Ex. 5. What sum must be invested in the 3 J per cent, stock, 
at 91, to produce an income of £72 ? 
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•/to receive £3j^ you must invest £91, 

1 3 

• /.to receive £72 you must invest '^^^^^^=£1872. 

\ 
Ex. 6. How much stock, in the 3 per cent. Consols, can be 

bought for £'2600, when the price is 97f , and the commission 

to the stock broker J per cent. ? 

•.'the commission is J for £100 stock, 

.•.£97f +i, or £97^, is the cost of £100 stock ; 

.-.£2600 is the cost of ?^^^ or £2666. 138. 4d. 

97^ 

Ex. 7. How much stock can be purchased .by the transfer of 
£1000 stock from the 3 per cent, at 72 to the 4 per cent, 
at 90, and what would be the difference of income ? 

Income on £'1000 stock, at 3 per cent. = 10xi£3, or £30. 

And •/ 100 is bought by 72, 

.-. 1000 is bought by 10x£72 = £720 sterling = money in- 
vested. 

Now, •.• £90 buy £100 stock, 

,-. £720 buy Ii2i£i22=£800 stock ; 

And income on £800 stock, at 4 per cent. = 8 x £4, or £32. 
Difference of income £32 — £30 = £2 gain per year. 
The second income might have been found without deter- 
mining the second stock. 

Thus, •/ 90 brings 4 income, 
720 brings 8 x £4, or £32 income. 

Ex. 8. In which is it the most advantageous to invest, the 3^ 
per cent, at 96^ or the 3 per cent at 88 J ?. 
1st, •.• 96^ gain 3^, 

.MOO gain i2^2i£i=ifS = 3UJ. 

2nd, •.• 88J gain 3, 

•.• 100 gain 1^=4^?-. V^o = 3^|. 

Hence it is most advantageous to invest in the 3 J per cent., 
at 96f 

296. EXERCISES. 

i. What is the purchase of £8260 ^Bank ^Stock, at 166 per 
cent. ? 



STOCKS. 161 

2. What quantity of stock, in the 3 per cent., at 63J, can he 
purchased for ^£780 ? 

3. At what price must a purchase be effected in the 3 per 
cent., to secure 6i per cent, interest ? 

4. What sum must be invested in the 3J per cent, stock, at 
88J, to produce an income of £420 ? 

5. If I buy £840 stock in the 3 per cent., at 80}, and pay 
i per cent, brokerage, what does it cost me ? 

6. What must be paid for the purchase of £12000 stock, at 
105 J, and the commission J per cent. ? 

7. What would be the difference in the incomes of two persons, 
one of whom invests £5650 in the 4^ per cent, stock, at 102^, 
and the other the same sum in the 3^ per cent., at 93J ? 

8. A person invests £6800 in the 3^^ per cent, stock, at 93 J, 
and soon after sells out, the stock having risen 2J per cent. ; 
in both buying and selling he pa^s brokerage at J per cent. 
His gain is required. 

9. Bought, some £25 railway shares, when they were at £13J, 
and sold them again at £33^, and thus^made a profit of £760. 
How much was invested, and what was the gain per cent. ? 

10. The £100 share in a railway pays a dividend of £5. What 
must be given per share to receive H per cent, for my 
money ? 

11. Bought £1242 stock, in the 4^ per cent., for £1471. 16s. 8d. 
What is the price of stock, and what is my income ? 

12. What is the value of £1000 India stock, at 115| per cent. ? 

13. What must be the price of 3i per cent, stock to enable 
me to receive i^ per cent, for my money ? 

14. Having invested £840 in the 3 per cent, stock, at 85J, 
I want to know how much I must invest in the 8 per cent., 
at 151 J, to secure an income of £540 ? 

15. By selling out of the 3 per cent., at 84j, a person obtains 
£1784, of which he invests £840 in the 3^ per cent., at 86J, 
and the remainder in the 7^ per cent., at J 62. Find the 
difference in his income. 

16. What is the rate per cent, obtained for money in the S^- 
per cent., at 124 ? 

12 
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17. What would be the difference of income made by the 
transfer of £10000 stock from the 3^ per cent., at 80, to 
the 4i, at 98 ? 

18. In which is it the most advantageous to invest money, the 
5^^ per cent, stock, at 1 21 J, or the 3 per cent., at 84 ? 

19. When the 3 per cent, stock is at 94, what is the corre- 
sponding rate in the 5 per cent., and what is the price of 
£3000 stock of each ? 

20. If the 3i per cent, stock falls 2J^, what must be the corre- 
sponding fall in the 3 per cent. ? 



ANNUITIES. 

297. When a sum of money is to be paid yearly for a certain 
number of jeaxs it is called an annuity. 

There are two kinds of annuities, those that are for a given 
number of years, called annuities certain, and those that are 
to be paid so long as one or more individuals shall live, and 
are, therefore, called contingent or life annuities. 

Questions relating to annuities involve some principles of 
interest, but they require the assistance of algebraical formulae, 
which it would be out of place to explain here. 

But, nevertheless, we shall give a few instances, which can 
be solved without a direct reference to these formulae. 

Ex. 1. What is the amount of an annuity of £60, to con- 
tinue 5 years, allowing 5 per cent, compound interest ? 

Suppose the last payment to be £1, the 4th would be £1.05, 
that is, £l + its interest for 1 year; then the 3rd would be 
(£1.05)x(1.05) or (1.05)2 ; the 2nd, (£1.05) x (1.05) x (1.05) or 
(£1.05)3; and the 1st, (£1.05)^. Therefore, the amount of an 
annuitv of £1, for 5 years, is £l-f £1.05 +(£1.05)^ +(£1.05)3 + 
(£1.05)4 = £5.52563 125. 

And hence the amount of an annuity of £60 is 60 x 
£5.52563125, or £331. 10s. 9d. 

Ex. 2. What is the present worth of an annuity of £40, to 
continue 5 years, compound interest, at 6 per cent, per annum ? 
•.•£1.06 in I year is at present worth £1, 

.-.£40 in 1 year are at present worth -^1^= £37.735849. 
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.'.£40 in 2 years are at present worth =— z = 

£35.599857. (l-^«)^ 1.1210 

£40 £40 



.•.£40 in 3 years are at present worth 



£33.584771. • (l.^«)' 1.191016 

£40 £40 



.'.£40 in 4 years are at present worth 



£31.683746. (l-^^^ 1.^^3^47696 

. n4^ ' K . _.!. £40 £40 
. .£40 m 5 years are at present worth = 

=£j^9.9103-27: (1-^^)' 1.3382Ji55776 

.-.£168.51456 or £168. 10s. 3id.=the present worth of the 
annuity. 

Ex. 3. A freehold estate (or an annuity to continue for ever, 
or a perpetuity) brings in yearly £75. What would it sell for, 
allowing the purchaser 5i per cent., compound interest, for his 
money ? 

By the question, we have to find a sum which, if put to 
interest, will bring the same as the yearly rent. 

Then, •/ 5 J are bought by 100, 

.'.£75 are bought by ii^ or £1365. 12s. 8Jd.= value of free 
hold estate. ^i 

Ex. 4. A person will buy a freehold farm, provided that he 
can get Of per cent, for his money. How many years' purchase 
should he ot!er ? 

Since " How many years' purchase" signifies the same as 
how many years' rent, we must then find in how many years 
the rent must be paid to make £100. 

•.•6J are made in 1 year, 

.*. 100 are made in —^^ or 15 years' purchase. 

Ex. 5. I bought a freehold estate at 16 years' purchase. 
What rate per cent, have I for my money? 

By the last example, the answer is evidently W>, or 6^ per 
cent. 

Ex. 6. "\Miat is the present worth of an annuity of £75, to 
commence 10 years hence and to continue 7 years after, at 6 
per cent. ? 

This is an example of an annuity in reversion, or an annuity 
which does not come into possession till some time has elapsed. 
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Since the present worth of JK75, to continue 7 years, at 6 per 
cent, per annum, is found to be (by Ex. 1) J2418. 13s. C^d., 
and this is to be paid in 10 years ; by discounting this sum, 
at compoimd interest, for 10 years, we find the present value 
of it to be JK238. lis. 9d.=the present worth of the annuity 
in reversion. 

298. EXERCISES. 

1. If an annuity of iBlOO continues 5 years, what will it amount 
to, at 6 per cent, compound interest ? 

2. Required, the present value of an annuity of J6100 per 
annum, to be continued 5 years, interest at 5 per cent. 

3. Required, the present worth of a freehold estate of £6000 
a year, to continue for ever, the rent being payable half- 
yearly, interest at 5 per cent, per annum. 

4. The annual rent of a freehold estate, which cost £20000, is 
£1500. In what time will it clear itself ? 

6. A freehold estate is sold for 18^ years* purchase. What rate 
of interest is allowed the purchaser ? 

6. The reversion of a freehold estate of £100, to continue 10 
years, but not to commence till the end of 6 years, is to be 
sold. What is it worth, allowing the purchaser 4 per cent, 
per annum for his money ? 




PARTNERSHIP, OR FELLOWSHIP. 

299. We often find that two or three persons form an asso- 
ciation, in order to carry on some commercial or industrial 
undertaking, which requires more capital than one person can 
raise. These associations are called Fartnership or Fellowship, 
Every partner subscribes a certain sum towards the joint-stock, 
which constitutes his share. After some time, the partners 
may agree to share the profit or loss among themselves, and 
it is evident that each partner's portion of the profit or loss 
will depend upon his share in the concern : if A's share be 
twice as much as B's, then he will receive twice as much of 
the profit ; if it be half of B's, then his part will be half as 
much, and so on. The method by which we determine the 
respective gains or losses of the partners is called Fellowship 
gr Partnership. 
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Ex. 1. Three merchants, A, B, and C, jom in a speculation; 
A contributes £800; B, £750; and C, £1200. How much is 
the share of each, in a gain of £1200 ? 

Here the joint-stock is £800+£750+£1200, or £2760. 

Then •/ £2760 gained £1200, 



£1 gained ^I^ or ^i 
* 2750 55 



£. 8. cL 



.-.£800 gained ?2^2ii^ or 349 I Vt=A's share. 

55 

.-.£750 gained I^52ii?l or 327 6 5t\=B'8 share. 

55 

.'.£1200 gamed ^^^^^^/^^ or 523 12 8W =C'8 share. 

£1200 O=wholegain. 

Ex. 2. A, B, and C formed a joint-stock for conducting a 
business, of which A contributed £3000 for 6 years ; B, £4000 
for 5 years ; and C, £8000 for 9 years ; and they gained £33000. 
What is each man's share of the gain ? 

A £3000 share for 6 years is the same as 6 x £3000, or 
£18000 for 1 year. 

A £4000 share for 5 years is the same as 5 x £4000, or 
£20000 for 1 year. 

A £8000 share for 9 years is the same as 9 x £8000, or 
£72000 for 1 year. 

The question is now this : A contributed £18000 ; B, £20000 ; 
and C, £72000. What is each man's share of a gain of £3300 ? 

The joint capital is =£18000 +£20000 +£72000, or £110000. 

Then •/ 110000 produce 33000. 

.-. 1 produces ^iW(fiy' or ^j^ ; 

.-. £18000 produce ^^^^^^^^ or 5400 =A's share. 
'^ 10 

/. £20000 produce ^^^^^ X ^^ or 6000 =B's share. 
^ 10 

.-. £72000 produce '^^^^^ ^ £3 ^^ 2i600 = C's share. 

10 

£33000= whole gain. 

Ex. 8. Divide £36000 among 4 persons, so that the 2nd gets 
twice as much as the 1 st ; the 3rd as much as the first two 
together, and the 4th three times as much as the 3rd. 

By the sense of the question, we perceive that if the 1st 
person's share be taken as 1 part, the 2nd person's is 2 parts ; 
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the 3rd person's share is 1 + 2, or 3 parts ; and the 4th is 
3x3, or 9 parts ; therefore, we have to divide £36000 into 
1 + 2 + 3 + 9 parts, or 15 parts. 
•.•15 part8=£3600, 

. 1 . ;£3fj000 O^AH 

/. 1 part = =2400. 

^ 15 

.-. 2part8=-2ii!15^ = 2x£2400, or 4800. 
^ 15 

.-. 3parts=^2i£i!^!?^ = 3x£2400, or 7200. 

15 

.•. 9 parts=^2^:?^^^ = 9x£2400, or 21600 . 

^^ i:3(3000 

Ex. 4. Bought, equal quantities of coffee and sugar for £20 ; 
for the coifee I paid 13d. per lb., and for the sugar 1 Id. How 
much was bought of each, and what did each cost ? 

For 13d. + lid., or 24d., or 2s., I buy 2 lbs. 

..•.for £20 I buy 200x21bs., or 400 lbs., 
and as there are equal quantities of each, the coffee weighs 
200 lbs., and so does the sugar. 

Now, •.• 1 lb. of coffee cost 13d., £^ g, d. 

.-.200 lbs. of coffee, at 13d., cost 200xl3d. = ld 16 8 

And .'. 200 lbs. of sugar at lld. = 200x lld.= 9 3 4 

£20 

Ex. 5. Divide 782 into three parts, which are to one another 
as the quantities \, f, and j ; or in such a manner, that for 
every \ share of the 1st, the 2nd gets J share, and the 3rd 
f share. 

*.* for every \ share of 1st portion, the 2nd has J, and the 3rd J ; 

tvr 6_ 8 9* 

"* >» TT »» »» TIT >» T^"^ 

or „ 6 „ „ 8 „ 9. 

.'.782 must be divided into + 8+9 shares, or 23 shares. 

.-.23 shares = 782, 
.•. 1 share = %«, or 34 ; 
,-. 6 shares = 6 x 34, or 204 ; 
.-. 8 shares = 8 X 35, or 272 ; 
.•. 9 shares=9 X 34, or 306. 

m 



FA&TKSR8HIP, OR FBLL0W8HIP. 167 

Ex. 6. Divide £3120 among three partners, so that for every 
£5 A receives, B gets £4, and also for every £7 A receives, C 
gets £3. 

If A receives £5, B receives £4, 
.-.if A ., £1, B „ £i; 
.-.if A „ £7, B ,, £V, or£5|. 
It follows that if A receives £7, B must have £5|, and C £3 ; 
then if A „ 35, B „ 28, and C 15. 

Hence A =35 parts, B 28, and C 15. 
•.•35 + 28+15 parts, or 78 parts = £3 120, 

.-. 1 part =3||o=£40; ^ 

.-.35 parts = 35x£40=1400; 
.-.28 parts = 28 X £40 = 1120; 
.-.15 parts = 15x£40= 600. 

£3120 

Ex. 7. Three graziers rented a field for £30. 5s. ; X keeps 
there 50 sheep for 4^ mouths ; Y, 80 for 5 mouths ; and Z, 90 
for 6i months. Find the rent paid by each. 

Here we see that 50 sheep grazing 4 J months is the same as 
4Jx 50 sheep, or 225 sheep grazing 1 month. 

Also, 80 sheep grazing 5 months is the same as 5 x 80 sheep, 
or 400 sheep grazing 1 month. 

And also 90 sheep grazing 6^ months is the same as 6^^ X 90 
sheep, or 585 sheep grazing 1 month. 

.'.225+400+585 sheep, or 1210 sheep grazing 1 month 
cost £30. 5s. 

,'.1 sheep grazing 1 month cost !_!_' = 6d, 

.'.225 sheep grazing 1 month cost 225x6d.= 5 12 6= 
X's expenses. 

.•.400 sheep grazing 1 month cost 400x6d. = 10 0= 
Y's expenses. 

,'.585 sheep grazing 1 month cost 585x6d. = 14 12 6 = 

Z's expenses. jg3Q 5 q 

300. EXERCISES. 

1. A ship's cargo belongs to three merchants, A owns £5600 ; 
B, £6000; and C, £6400. The whole cargo was sold for 
£10800. What is each man's share of it ? 

2. Four person's speculated : A with £7400 for three months ; 
B, £6700 for four months; C, £3540 for 11 months; and 




168 COCB8S OF ARITHMETIC. 

D, i'5000 for 15 months: thej gained £'1000. What was 
each man*s gain ? 

3. A ship, worth £2000, was lost; the owners were four persons: 
N possessed i ; O, i; P, i; and Q, |. She was insured 
for £2500. What will each receive, and how mnch will 
each gain? 

4. A commenced business on January 1st, 1 852, with a capital 
of £1000 ; he took in B as a partner, with a capital of £1600, 
on the Ist of March following ; three months after, they 
admitted C as a partner, who brought into the firm £2400 : 
having carried on business till the end of the year, they 
found the gain to be £1846. 15s. What was each man's 
share of the gain ? 

5. A person had divided among his three sons £1200, so that 
A got i part ; B, { part ; and C, ^ part Find the share of 
each. 

6. Three persons remained partners for 2 years : the 1st brought 
in £4000, which remained the whole time ; the 2nd began 
with £300, and 6 months after put in £300 more ; the 3rd 
began with £200, and 1 year after put in £500 more. The 
whole gain was £6600. Determine each partner's share of it. 

7. Three workmen were employed to perform a job ; L worked 
6 days of 10 hours each ; M, 7 days of 8 hours each ; N, 9 
days of 6 hours each. They receive for their labour £25. 10s. 
Wliat is each man's wages ? 

8. Divide £600 among A, B, C, and D, so that B gets i as 
much as A ; C, 4 times as much as B ; and D, ^ as much 
as B. How much will each get ? 

9. Divide £288 into parts, which are to one another as the 
numbers 3, 5, 4 ; or in such a manner, that as often as the 
first person receives £3, the second shall receive £5, and the 
third £4. How much will each receive ? 

10. Four persons divide among themselves £249270, in such 
a manner that for every £J A receives, B has £^ ; for every 
£j A receives, C has £^ ; and for every £^ A receives, D has 
£ f. The share of each man is required. 

11. A, B, and C own £800, which are to be divided so that 
B shall receive £40 more than A, and £20 more than B. 
How much is each part ? 
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12. Three persons share £1000: B = 2 A— ig50, C = 2 B+£30. 
Find the share of each. 

13. Divide £4000 among four persons, so that A's share = } B 
-f £40, C's = 2 B+£70, D'8 = i B— £20. What does each 
man get ? 

14. A sum of £91. 10s. was distributed among 15 men, 17 
women and 8 children ; each woman's share was three times 
as much as that of a child, and J| of that of a man. What 
did each man, each woman, and each child receive ? 

15. A detachment, consisting of five companies, compose a 
garrison, in which the duty requires 152 men per day. What 
number of men must each company furnish, according to 
their strength ; the first company containing 108 men, the 
second 102 men, the third 96 men, the fourSi 78 men, and 
the fifth 72 men. 

16. A general laid a contribution of £140000 on four towns, 
to be paid according to the number of inhabitants contained 
in each : the first had 50000, the second 70000, the third 
80000, and the fourth 100000 inhabitants. What part must 
each town pay ? 

17. In a manufactory, each man receives 16s. 6d. per week, each 
woman lOs. 6d., and each boy 4s. 6d. The whole wages in 
a month, of 24 working days, are £1273. lOs., of which the 
men received £924, and the boys £76. 10s. How many men, 
women, and boys are working in the manufactory, and what 
is each person's wages ? 

18. Three com factors freighted a ship ; the first loaded 360 
tons of com, the second 200 tons, and the third 160 tons; 
on the voyage, during a storm, the sailors were obliged to 
throw overboard a part of the cargo, viz., 150 tons of the 
first factor, 90 of the second, and 30 of the third. How are 
they to settle accounts, so that the loss be shared according 
to each factor's load ? 



PROFIT AND LOSS. 

301. In every mercantile transaction, some of the parties 
engaged may either gain or lose, or neither gain nor lose. 
Questions in which one of these three altematives is to be 
determined, are classed under the head of Profit and Loss, 
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Ex. 1. Bought, 124 yards of cloth, at 15s. 6d., and sold it 
at 1 78. 9d. What did I gain ? 

'/l yard is bought at 158. 6d., 

.'. 124 yards are bought for 124 x 15s. 6d., or £96. 2s. 

And •/ 1 yard is sold for 17s. 9d., 

.-. 124 yards are sold for 124 x 17s. 9d., or ;€110. Is. 

Hence the gain = £110. Is.— £96. 2s.=£13. 19s. 

Or thus : the gain per yard is 17s. 9d.— 15s. 6d., or 2s. 3d; 

.'. the gain on 124 yards is 124 x 2s. 3d., or £13. 19s. as 
before. 

Ex. 2. If tea be bought at 4s. 6d., and sold at 6s. 2d. per lb, 
what is the gain per cent. ? 

'.'on 4s. 6d., or 54d., the gain is 6s. 2d. — 4s. 6d., or Is. 8d., 
or 20d., 

.'.on 1 the gain is |-J. 

And .-. on 100 the gain is ^^jo, or 37,V- 

Ex. 3 Bought, a horse for £66, and sold it again for £57. 
What did I lose per cent. ? 
Here the loss on £66 is £9, 

1 6 O 

and the loss on 100 is 2^=13^- 

n 

1 1 

Ex. 4. If coffee is bought at 3s. 4d. per lb., what must it be 
sold at to gain 24^ per cent. ? 

Here we perceive that 100 are sold for 124 J, 

.•.3s. 4d. are sold for ?i!l2ii?ii or 4s. l|d. nearly. 

100 ^ 

Ex. 5. Bought, velvet at 8s. 8d. per yard ; but it getting 
damaged, I am compelled to sell it at a loss of 39j^ per cent. 
What is the selling price per yard ? 

Here 100 are sold for 100— 39^^, or 60if, 

.*. 8s. 8d. worth, or 1 yard of velvet is sold for '- ti- 

or 5s. 3d. 100 

Ex. 6. Having sold a certain quantity of cloth, at 16s. 6d. 
per yard, I gained 12 per cent. What was the prime cost? 
By the question, we see that for 112 the prime cost is 100, 

.-. for 16s. 6d. the prime cost is l^!l2il5?L-^=14s. 8iJd. 

Ex. 7. By selling goods at 6s. lOd., I lost 18f per cent. 
What did I buy them for ? 
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It is evident that for 81^ the prime cost is 100, 

.-. for 6s. lOd. the prime cost is lil^L^i^l-i^ = 8s. 4i|d. 

Ex. 8. By selling cloth at 14s. per yard I gain 10 per cent. 
What did I gain per cent, by selling at 17s. per yard ? 
Ist method : Here 110 cost 100, 

.'. 14s. worth, or 1 yard cost 2!?22iJi5l== yjOs.= !2t\s.; 

.•.17s. — 12T\s.=4T\s.=gain on IS/yS. 
Now, '.• IS^^yS. gain 4y\s., 

■MOO gain ^""X^A^£ygg^33^.. 

7 

/ind method : When sold for 14s., I get 110 out of 100, 
.-. when sold for 17s. I get ii!l^Z, or 133^ out of 100. 

Hence 133^ — 100 = 334 = the ^^^^ P^r cent. 

Ex. 9. By selling linen at 5s. per yard, I lost 16 per cent. 
What did I lose by selling it at 4s. 4d. ? 
1st method: Here 84 cost 100, 

1 2 S 

.'. 5s. worth, or 1 yard cost 2?il^=5|^s. 

2 1 

Hence, 5f^s. — 4Js. = ms.=loss on 5|5s. ; 
And .*. 5|$ lose l^J; 

,.100 lose lli^2iIM=?M2=27i. 

6 

2nd method : When sold for 5s. I get 84 out of 100, 

.-. when sold for 4is. I get 5l2iii=72j out of 100. 

5 

Hence, loss per cent, is 100 — 72|, or 27^, 

Ex. 10. If lOi per cent, be gained by selling tea at 48. 6d, 
per lb., what must it be sold at to gain 36 per cent. ? 

1st method: •/ 110^ cost 100, 

.'. 4s. 6d. worth, or 1 lb. of tea cost '- 1=4t'A8. 

llOi ^^ 

By the second part of the question, we have : 

100 sold for 136, 
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.•.4^VtS- worth, or 1 lb. of tea is sold for ^^^X^iWrS- or 

6ii|8.,or68.6id.iH ^^^ 

and method : •/ if 100 sold for llOJ, I get 4s. 6d. per lb„ 

.-. if 100 sold for 136, 1 get ^^^x^^. 6d. ^^ ^^^ ^^^^ ^^ 

Ex. 1 1. A person sold a horse for 70 guineas, and lost 15 per 
cent. What should he have sold it at to gain 20 per cent. ? 
Here, if 100 sold for 85, I obtain 70 guineas, 

14 

.-. if 100 sold for 120, I obtain i?:22iZ? =98^4 guineas = 
jei03. 15s. 3id. ^? 

* 17 

Ex. 12. By selling 514 cwt. of sugar, at 3 per cent, profit, 
I gained £80. 1 Is. What was it bought and sold at per cwt. ? 
•/ 3 are gained by 100, 

.-. £80. lis. are gained by ^QQx^QQ- ^^^' or £2685 = whole 
selling price. ^ 

And .-. 514 cwt. are sold for £2685, 

•/ 1 cwt. is sold for ^^^^^, or £5. 4s. 5id. i^f= selling 
price per cwt. ^^^ 

Also 103 are bought for 100, 

/.^?^ are bought for i£5?^, ©r £5. Is. 6d. iWA= 
514 ^ 514x103 ^"^ 

prime cost per cwt. 

302. EXERCISES. 

1. What must linen, which cost 9s. 4id. per yard, be sold for, to 
gain 16 per cent. ? 

2. If paper, which cost £l. 6s. 6d. per ream, be sold at £1. 
16s. 4d. per ream, what is the gain per cent. ? 

3. Goods, bought at £171.25, were sold at £183.475. What is 
the whole gain, and how much per cent. ? 

4. A draper bought 78 yards of cloth, at £l. 8s. 9d. per yard, 
and ] 47 yards of linen, at 3s. 3d. per yard. The whole was 
sold for £141. 9s. 0|d. Find the gain, and also the gain 
per cent. ? 

5. Bought, 87.9 yards of linen, at 6.4s. per yard; also, 698 
yards, at 4.57s. per yard ; and also, 78 yards, at 6.9s. per 
yard. The selling of the whole brought a profit of SJ per 
cent. The selling price of the whole is required. 
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6. Bought, goods at £l. 17s. 6(1., and sold tbem at £l. 5s. 4d. 
Find the loss per cent. ? 

7. What must goods, which cost £6. 10s. 6d. be sold at to gain 
I8i per cent. ? 

8. Find the selling price of goods, bought at £1. 6s. 7Jd., and 
sold so as to lose 10 per cent. 

9. What is the prime cost of a cricket ball, which, when sold at 
8s. 6d., brings a gain of 35 per cent. ? 

10. If I gain SO per cent, by selling tea at 6s. 8d., how much 
is gained per cent, by selling it at 7s. 6d. ? 

11. Bought, 56 pieces of stuff, at £6 per piece, and sold 20 
pieces at £9, and 16 at £7. 10s. each. At what rate per 
piece must the remainder be sold, to gain 40 per cent, on the 
whole? 

12. A grocer bought rice at £1. 15s. per cwt., and vermicelli 
at £l. 17s. 6d. ; he sold the rice at OJd. per lb., and the 
vermicelli at lljd. per lb. Find the difference of the gains, 
also the profit per cent, on each. 

13. The produce of some land is £99. 10s., which is an in- 
crease of 8 per cent, on the preceding year. What was the 
value of the produce then ? 

14. By selling goods at Is. lOd. per lb., I gain 12i per cent. 
What is the cost price of 1 cwt. ? 

15. How much must an article, bought at £l2. 16s. 6d. per 
cwt., be sold for to gain 24 per cent., and what quantity of 
it must be sold at that rate to make a profit of 100 guineas ? 

16. K 15 cwt. 1 qr. 2 lbs. of sugar cost £51. 19s. 8d., what 
must it be sold at per lb. to gain 15 per cent. ? 

17. If the brewing of 8741 gallons of ale cost £493. 10s., what 
must it be sold at per gaUon to clear 125 per cent. ? 

18. If £27. 6s. be lost by the sale of 2 cwt. of raw silk, at 
£l. 18s. per lb., what was the prime cost, and what the loss 
per cent. ? 

19. I gained 25 i per cent by selling goods at lOd. What was 
the prime cost ? 

20. By selling some articles at 16s. 6d. I gained 25 per cent. 
What did I gain per cent, when selling the same articles at 
18s. 4d. ? 
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21. When tea is sold at 68. 4(1. I clear 12 per cent. What 
quantity did I sell when my gain was £4*^. 12s. 8d. ? 

22. Bought, sugar at 7 id. per lb. What must I sell it at 4o 
gain 54 J per cent. ? 

23. How much per cent, is 4Jd. per shilling ? 

24. Cloth, which was bought at 1 4s. 9d. per yard is sold at 8d. 
per yard less. What is the loss per cent. ? 

25. A person bought 120 oranges at 2 a penny, and doubl© that 
quantity at 3 a penny, and he sold them again at 5 for 2d. 
How much did he lose or gain, and how much per cent. ? 

26. Sold, 16 horses for £075, whereby I cleared as much as I 
sold 2 horses for. What is my gain per cent. ? 

27. A grocer had 2 cwt. of tea, of which he sold J at 6s. 6d. 
per lb., and found that he was gaining 10^ per cent. At 
what rate must he sell the remainder to clear 16 per cent, on 
the whole ? 

28. The prime cost of 75 dozens of wine is £202. lOs., and 
3 dozens are lost by leakage, &c. What must the remainder 
be sold at per dozen, so as to gain 12 per cent, on the prime 
cost? 

29. Sold, 5 yards of stuff for £l. 3s. 9d., and gained at the 
rate of 15 per cent. ; but had I sold it at 5s. 4d. per yard, 
what would be the gain per cent. ? 

30. A bought 048 yards of stuff, at 7s, 7d. per yard, 68 yards 
at lis. Od., 98 yards at 4id., 487 yards at lO^d., 98 yards 
at 9s. 4d. per yard. The whole was sold at 1 5 per cent. loss. 
Find the whole selling price, and also the selling price of each 
per yard. 
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EQUATION OF PAYMENTS. 

303. It is sometimes re(j[uired, both in commercial and banking 
business, to find the correct time at which two or more payments, 
or debts, payable at different times, should be discharged in one 
payment, so that neither debtor nor creditor m\\ suffer loss. 
The operation is called Equating the T'une^ and questions relating 
to this subject are known under the appellation of Equation qjf 
Payments, 
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Ex. Suppose a banker has two bills, viz., one of £2500, pay- 
able in 9 months, and the other of £1600, payable in 16 months. 
What is the equated time ? 

Evidently, the time of payment lies between 9 months and 
16 months, and that time must be such that the interest on 
£2500, which is paid after its time, should equal the discount 
on £1600, which is paid before its time. The rate being 5 per 
cent. For instance : 

Suppose X to represent the equated time, then the interest of 
£2500 for {x — 9) months must be equal to the discount on 
£1600 for (16— a?) months. 

.'. the interest of £2500 for {x — 9) months, at 5 per cent.= 
£2500 X 5(0?— 9) 

100x12 
Also the discount of £1600 for (16 — x) months, at 6 per cent. 
= £1600x 5(16— or) 

12 



1004-5(16—^. 

12 £1600x5 (16— a?) 

Hence it follows that ^^^^^ >< ^ (^^) - ~T2— 

i^ 100 + 5 (16— a?) 

12 
From which quadratic equation x may be determined. 

304. This method, though correct, is not the one adopted in 
practice, probably on account of its being complicated, and it 
becomes more so as the number of payments increase. In the 
method used, it is supposed that the sum of the interest of each 
debt for its respective time is equal to the interest of the sum of 
the debts for the equated time. 

Thus, interest on £2500, for 9 months, at 5 per cent., is 
5x9x£2500 

12x100 

Also, interest on £1600, for 16 months, at 5 per cent,, is 
5xl6x£1600 

12x100 

And interest on £4100, for equated time, at 5 per cent., is 
5 X 4 1 00 X equated ti me 

12x100 
. 5x9x2500 5x16x1600 __ 5 x 4100 X equated time 
12x100 12x100 12x100 
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As every term contains the common factor , it may 

^ 12x100' ^ 

be omitted, and we have 9 x 2500+ 16 x 1600=4100 x equated 

time. 

Hence we infer that the sum of the two products, obtained 
by multiplying the value of each bill by the number of months 
that have to elapse before they are due, is equal to the product 
of the sum of the debts multiplied by the number of months of 
the equated time. 
And since equated time X 4100 = 9 X 2500+ 16 X 1600=481 00, 

.-. equated time = YtW = W = 1 ^ I? months. 

The difference of the results, as found by this method and 
the true one is but small : the difference is in favour of the 
payer, because he reckons on his side the interest instead of the 
discount of those debts which he pays before they are due, whilst 
the other side of the operation is quite correct 

305. EXERCISES. 

1. A owes B £1000, to be paid yearly, in five equal payments. 
What is the equated time to pay the whole ? 

By what has been said in the preceding article, we have : 

yra. yrs. 

200x1= 200 
200x2= 400 
200x3= 600 
200x4= 800 
200x 5 = 1000 

1000) 3000(3 years 

3000 

2. A debt of £1600 is to be liquidated by three payments, as 
follows : £600 in 3 months, £700 in 7 months, and £300 in 
10 months. When must the whole be paid together ? 

3. B owes £200, payable in 3 months ; £200, payable in 4 
months ; and £200, payable in 5 months. In what time may 
the whole be paid, without loss to either party ? 

4. If a debt of £120 is due in 1 month, of £240 is due in 6 
months, of £330 is due in 7 months, and of £480 in 8 
months, the equated time for the payment of the four debts 
is required. 

6. If J of a debt is to be paid at present, i in 4 months, ^ in 
9 months, and the remainder in 12 months, find the equated 
time for the payment of the whole. 
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6. Find the equated time of three dehts, the first of £189. 10s., 
due at the end of 9 months ; the second, of £235, due at 15 
months* end ; and the third, of £650, due in 1^ years. 

7. £200 are to be paid in monthly instalments of £20. Find 
the time when the whole may be paid in one sum. 

8. Find the equated time of payment, when i of a sum of 
money is due in 5 months, | in 9 months, and the remainder 
in If years ? 

9. £541. 16s. are due now, and £473. 5s. are to be paid in 5 
equal monthly instalments. Find the equated time for the 
whole. 

10. £360 are to be paid as follows : £80 in 80 days, £100 in 
100 days, £120 in 120 days, and the rest in 1 year. Find 
the equated time for paying the whole. 
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306. It frequently happens that one person buys goods of 
another, but instead of paying money for them, gives other goods 
in return. This kind of transaction is called JBarter. 

Ex. 1. Suppose tea, at 4s. 6d. per lb., is given for 90 yarda 
of linen, at 38. per yard, what quantity of tea must be given ? 
•/ 1 yard is bought for 3s., 
.•.90 yards are bought for 90 x 3s. = 270s. 
Now, -.'48. 6d. buy 1 lb. of tea, 
/. 6d. will buy J lb. ; 
.•.270s., or 540 sixpences, buy 540 x J lb., or 60 lbs. of tea. 

Ex. 2. Bought, 12 quarters of wheat, at £2. 16s. per quarter, 
for which I paid in money £13. 12s., and the remainder in stuff, 
at 5s. per yard. How many yards had I to give ? 

•/ 1 quarter is bought for £2. 168., 

.'.12 quarters are bought for 12 x £2. 16s., or £33. 12s., 

And the value paid in stuff is £33. 12s. — £13. 12s., or £20. 

Now, 58. buy 1 yard of stuff, 

.\£20 buy 80 X 1 yard, or 80 yards. 

Ex. 8. A gave 96i yards of cloth, at 12s. 6d. per yard, for 
886t yards of calico. The value of the calico per yani is re- 
quired. 

13 
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'/ 1 jaid of doth cost 12s. 6d.. 

/.96i jards cost 96 J x l'2s. 6<L. or 12098. 4icL 

Also, 336i yards of calico cost 12098. 4id., 

. 1 ^«i ^r ^i;^ ..^ 1'^^^ 41d. 9675s. ^ ^ , 

. . 1 Yara of calico cost 1— , or , or Ss. 7d. 

Ex. 4. X has silk worth 16s. per jaid, and T has cloth worth 
12s. per yard, which he barters at 14s. 6d. per raid. How 
much mast the silk he raised to be equivalent to the rise of 
the doth? 

Vl2s. are bartered for 14s. 6d., 

.-. Is. is bartered for li!i_^. 

12 

And /. 16s. are bartered for l^2il^LJL= V8. = IQs. 4d. 

12 * 

307. EXEBCJSES. 

1. How many yards of cloth, at 15s. per yard, most be given 
in exchange for 450 yards of linen, at 4s. 6d. per yard ? 

2. Having bought 24 J cwt. of sugar, at £S. I6s. 6d. per cwt, 
and paid in cash £'22. lOs., how much coffee, at J&4. 1 3s. 4d, 
per cwt., is wanted to make up the difference ? 

3. Bartered, 240 gallons of wine, at £'2. 13s. per gallon, for 
200 barrels of ale. ^^^lat was the price of the ale per barrd ? 

4. How much must be charged for beef, which is sold for ready 
money at 10s. Gd. per stone, for mutton at 9s. 4d., which is 
bartered at 1 Is 3d. per stone ? 

5. Bartered 4 J cwt. of snuff, at £4. 78. 6d. per cwt, and got for 
it eggs at 9d. per dozen, and butter at Is. 4d. per lb. ; and 
received 4 lbs. of butter to each dozen of eggs. How much 
did I get of each? 

6. Cows, worth £14 each are exchanged for horses, worth £25 
each, ready money ; but in bartering, at £28. 158., what on^t 
to be charged for each cow t 

7. Received 280 lbs. of tea, at 48. 4d. per lb., for 360 yards of 
linen. What was it worth per yard ? 

8. D has 120 cwt of tallow at 18s. 2d. per cwt, £ has 35 cwt 
2 qrs. 18 lbs. of sugar at 5|d. per lb., and they barter their 
goods. What balance must D receive with the sugar ? 
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9. How many lbs. of coffee, at Is. per lb., must be given for 
5 cwt. *2 qrs. 14 lbs. at 6 J. per lb. ? 

10. Bartered, 82 cwt. of hops, at 30s. per cwt., for which I 
received £'Z0 in money, and the rest in prunes at 5d. per 
lb. WTiat quantity of prunes did 1 receive ? 

11. A grocer, with whom I bartered tea for sugar, raised his 
sugar from is. tc» Is. IJd. per lb. What ought I to have 
charged for the tea, which I sold for ready money at 5s. 6d. 
per lb. ? 

12. A fEurner bought of a draper 24 yards of cloth, at 9s. 4d. 
per yard ; 30 yards of linen, at 3s. 9d. per yard ; and 80 
yards of printed calico, at Is. 2d. per yard ; for which he gave 
£13. 2s. 6d. in money and 32 cwt. of potatoes. Eequired, the 
value of the potatoes iter cwt. 

13. O has 1600 lbs. of coffee, at Is. 5d. per lb., which he barters 
with P, for goods^at 5d. and 8d. per lb., and to have | money, 
and of each sort of goods an equal quantity. How much 
money, and how many lbs. of each kind of goods will he 
receive ? 

14. A merchant consigns 64 bales of cloth, at £86. 2s. 6d, per 
bale, to his agent, who, retaining 1| per cent, commission, 
sends him, in return, one-half of the value in sugar, at 448. 
per cwt., and the other in rum, at 4s. 8d. per gallon. What 
quanti^ of each did he receive ? 

15. Bartered, 2400 dozen pairs of stockings, at £1, 10s. per 
dozen, for equal quantities of coal, at 8s., 10s. 6d. and 12s. 9d. 
per ton respectively, and received also £120 in money. How 
many tons of each kind of coal had I ? 

16. How much does cloth cost per yard, if I receive 55J yards 
for 10 cwt of sugar, at £3. 9s. OJd. per cwt. ? 

17. A wants to exchange some land, at £22. 10s. per acre, for 
16 acres of other land, worth £175 per acre. How many acres 
of the first land must be given ? 
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TARE AND TRET. 

808. When goods are weighed, together with the box, bag, 
barrel, &c., which contains them, the whole weight is called 
Chross Weight, 

The allowance which the seller makes to the buyer for the 
weight of the box, bag, barrel, &c., which contains the goods 
bought, is called its Tare. 

What remains after the tare is deducted from the gross weight 
is called Tare SiUtle, 

Tret is an allowance of 4lbs. on 1041bs. tare suttle, for waste, 
dust, &c. 

After the deduction for tare and tret, what remains is called 
tret suttle, 

Cloff is an allowance of Slbs. in every 3 cwt of tret suttle, 
given to retailers in order to turn the scales. 

Net Weight is what remains after the allowances are deducted. 

Questions treating of these allowances are classed under the 
head of Tare and Tret. 

Ex. 1. What is the net weight of 16 barrels of rice, each 
containing 3 cwt. 2 qrs. 211bs., tare 201bs. per cwt., tret 41b3« 
per 104 lbs., and cloff 21bs. for every 3 cwt. 

•/The gross weight of 1 barrel is 3 cwt 2 qrs. 21 lbs., 

/.the gross weight of 16 barrels=16x3 cwt 2 qrs. 21 lbs., 
or 69 cwt. 

And •/ tare on 1 cwt. = 20 lbs., 

/.tare on 59 cwt.=59x20 lbs., or 1180 lbs., or 10 cwt. 2 
qrs. 4 lbs. 

/.tare suttle =59 cwt. — 10 cwt. 2 qrs. 4 lbs., or 48 cwt. 1 qr. 
24 lbs. 

Also, *.* the tret on 104 lbs. is 4 lbs., 

/.the tret on 1 lb. is y^^, or ^ ; 

.-. the tret on 48 cwt. 1 qr. 24 lbs. is ^8 cwt 1 qr. 24 lbs. ^^ 
1 cwt. 3 qrs. 12.77 lbs. ^^ 

,'. tret suttle=48 cwt 1 qr. 24 lbs. — 1 cwt 3 qrs. 12.77 lbs. 
=46 cwt. 2 qrs. 11.22 lbs. 

And •.' the cloff on 3 cwt., or on 336 lbs. is 2 lbs.. 

.•. the cloff on 1 cwt. = ^f 7, or ^ J^ ; 

..i...inff...Aft.^ o^^ n OQIK0 ;.46cwt2qr8.11.221b9. 
or 1 qr. 3.06 lbs. 168 
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.-.the net weight=46 cwt 2 qrs. 11.22 Ibe.— -1 qr. 8.06 lbs., 
<Hr 46 cwt 1 qr. 8.15 lbs. 

The mechamcal part of this work is exhibited in the following 
scheme; — 
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21 
16 


161b8.=| ... 69 

41b6.=i ... 8 

2 




1 



gross wei^ 

20 
12 


10 


2 


4=tare 


26)48 
1 


1 
3 


24=tare snttle 
12.77=tret 


168)46 


2 

1 


11.22 
3.06 =5 doff 



46 1 8.15snet weight 

Another method of obtaining the same resolt wonld be to 
find the net weight of 1 barrel, and multiply by the number of 
barrels. 

Ex. 2, How much will 29 packs of wool cost, each wei^^bing 
3 cwt. 2 qj[9, 25 lbs., tare 16 lbs. per cwt, tret and ck^ as 
nsoal, at 3s. 9d. per lb. net ? 

'.'tare on 1 cwt is 16 lbs., or ^, 

.-.tare on 1 pack, or 3 cwt 2 qrs. 25 lbs.= ^c^^q"-^^^^ 
or 2 qrs. ^571 lbs. '^ 

/.tare sattle=3 cwt 2 qrs. 25 lb6.^-2 qrs. 3.571 lb&s=3 cwt 
(p. 21.428 lbs. 

Tret is A of the tare sutfle, or ^ cwt qr. 21.428 lbs. ^ 

13.747 lbs. ^ 

/.Tret sattle=3 cwt qr. 21.428 lbs. — 13.747 Ibs.=r3 cwt 
qr. 7.681 lbs. 

Cloffis^of 3cwt Oqr. 7.681 j^^pr^^^ ^V'l'^^^^ 
=2.045 lbs. 1^® 

/.net weight per padc=3 cwt qr. 7.681 lbs. — ^2.045 Ib8.= 
3 cwt qr. 5.635 lbs. 

.'.net wei^ of 20 packs=:29 x 3 cwt qr. 5.636 lbs., or 88 
cwt 1 qr. 23.434 lbs. 
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The process may be thus exhibited : — 

0wt. qn. lbs. 

7)3 2 25 

2 3.571 4 = tare 

26)3 21.4285 =tare8iittle 
13.7472 =tret 

168)3 7.6813=tretsuttle 
2.0457 = c]off 

29 X 3 5.6356 = 88 cwt. 1 qr. 23.434 lb8.=iiet weight 

Now, •/ 1 lb. cost 3s. 9d., 

.-.23.434 lbs. cost 23.434 x 3s. 9d. = 87.8776s. 

Also, 1 qr. = 28x3g. 9d = 1058. 

And 88 cwt. = 88 X 112 X 3s. 9d. = 36960s. 

37 J 52.8775s. 
Therefore, 29 packs of wool cost £'1857. 12s. 10.630d. 
Or •.• 1 lb. cost 3s. 9d., 

.-.88 cwt. 1 qr. 23.434 lbs., or 9907.434 lbs , cost 9907.434 
X3s. 9d.=jei857. 12s. 10.53d. 

309. EXERCISES. 

1. What is the net weight of 144 cwt. 2 qrs. 10 lbs. gross, tare 
16 lbs. per cwt. ? 

2. What is the net weight of 36 bags, each 4 cwt. 1 qr. 14 lbs. 
gross, tare 18 lbs. per cwt., and tret as usual ? 

3. In 48 hhds. or sugar, each 1 cwt. 2 qrs. 20 lbs., how mnch 
net weight, allowing 1 6 lbs. per cwt, tare, tret, and cloff as 
usual? 

4. Bought, 3 packs of wool, No. 1 weighing 3 cwt. 3 qrs. 21 lbs. ; 
No. 2, 4 cwt. qr. 8 lbs. ; No. 3, 3 cwt. 3 qrs, 14 lbs. ; tare, 

30 lbs. per pack ; tret 8 lbs. for every 20 stones. What will 
the whole amount to, at lOs. 8d. per stone. 

5. At the rate of 8 lbs. per cwt. the tare of some goods is 119 
lbs. Kequired the net weight. 

6. The net weight of some goods is 13 cwt. 3 qrs. 7 lbs., and the 
tare is 8 lbs. per cwt. Find the gross weight. 

7. The tare on some goods comes to 1 19 lbs. at the rate of 81bs. 
per cwt What was the gross weight? 

8. The tare of 14 cwt. 3 qrs. 14 lbs. is 119 lbs. What is it per 
cwt. ? 
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9. When the tare is at 8 lbs. per cwt., and subtracted from the 
gross weight, the net weight is 13 cwt. 3 qrs. 7 lbs. Find 
the tare. 

10. The gross weight of 4 bags of pepper, bought at Is. 6d. per 
lb. net, is 14 cwt. 3 qrs. 12 lbs., tare 14 lbs. per bag. What 
is the cost ? 

11. A buys 11 cwt. 1 qr. 20 lbs. gross, of sugar, at the rate of 
8d« per lb., and pays £'36. 8s. 2d. How much was allowed for 
the tare, and what was it per cent. ? 

12. What must be paid for six bags of rice, weighing 15 cwt. 
1 qr. 4 lbs. gross, if 3 qrs. 16 lbs. net weight cost £2. 18s. 6d., 
tare i of the gross ? 



EXCHANGE. 

810. When it is required to find how much of the money of 
one city or country is equivalent to a given sum of money of 
another, the term applied to such a conversion is Exchange, 

In every country, the mint fixes a precise weight and purity 
for its currency ; for mstance, m England and France the mmt 
regulations, value £'1 to be equal to 25 francs, 20 centimes, and 
this is said to be the par of exchange between the two countries. 
Therefore, when transactions between London and Paris are con- 
ducted on this footing, the exchange is at par. But it happens 
continually that £1 in London buys more or less than 25.20 
francs in Paris ; in the first case, the exchange is in favour of 
London, and in the second, against. Now, the sum of money of 
one country, given at any particular time, in exchange for a fixed 
sum of money of another, is called the course of exchange. 

The circumstances which produce variation in the course of 
exchange depend on the state of trade, and the value of the 
coins of any country, which seldom correspond to their mint 
standard. 

It happens that in cities or countries, which carry on consi- 
derable commercial transactions, the debts of the one are nearly 
equal to the debts of the other. In England there are always a 
considerable number of merchants indebted to America, for 
instance, and like\iise about the same number in this country 
to whom America is indebted. Therefore, when A of England 
has a payment to make to B of America, he does not effect it in 
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ooio, or 88 it 18 called, in specie or buUion, but he biqrB from G 
of England a bm^ or an order upon liis debtor, D of America, 
requesting him to paj the amount of the bill to A, who endorses 
this bill, and sends it to B, who is paid by B of the same city or 
country. This transaction might be worded in the following 
manner : A of England, who is debtor to B in America, buys 
from C in England, who is creditor to D in America, his claun 
upon D, which he sends to B, who easily obtains payment from 
D, of the same city or country. Thus all the parties concerned 
are benefitted by this mode of dealing, and the debts are liqui- 
dated without any specie leaving either country ; thus avoiding 
all risk of loss by transmission, and at a very trifling expense. 

The bills of exchange are either made payable at si^t or at 
usance, which is a certain specified time after date. 

It seldom occurs that debts reciprocally due by any two coun- 
tries are of an equal amount. If the debts due by England to 
America, exceeded those due by America to Enghmd, &e mer- 
chants of America have more bills, for which they want payment; 
and 88 the number.of sellers of bills is greater than the number 
of buyers, they fsJl o£f in price ; whilst in England, the bills 
being scarce, the buyers will exceed the sellers, and the bills 
will rise in value. Bills also fetch a higher price when the 
securities are of influence, and a lower price when a doubt 
exists as to the ability of the parties to meet them. 

There is a limit to the rise of the value of bills of exchange ; 
if in England, for instance, the expenses of insurance, and the 
loss of interest of conveying bullion, be less than the premium 
on bills, the merchants in England prefer remitting coins to 
America. 

In some countries there is a diflerence between the current, 
or cash money, and the exchange, or bank money. The latter 
is of purer metal than the current money, and the difference is 

called the .i^' 

311. TABLES OF FOREIGN MONEYS. 

ALGIERS. 

The French coins are in general use. 

AUSTRALIA. 

The same as in Great Britain. 
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AVVnLlA, BAYARTA^ 


WUBTBMBERO, 


BADEN^ 


STC. 


Pfiwnfiigip* 




Qambmi. 


Seehaer. 


HalfFloriii. 


norinor 
Onlden. 


Biz.dolkr 
of AeeoonL 


4 


1 












12 


3 


1 










24 


6 


2 


1 








120 


30 


10 


5 


1 






240 


60 


20 


10 


2 


1 




360 


90 


30 


15 


3 


H 


1 



The lowest piece of money is a copper coin, the pfennige, 
worth i>2fd. sterling. 

Exchange at +. 10 florins, or golden, 3 kreuzer per £1 
sterling. 

BELGIUM. 

Accounts are kept both according to the Dutch and French • 
standards. See the tables under the heads of Holland and 
France. 

BBAZIL AND PORTUGAL. 



B«M. 


Tmtems. 


Teatoona. 


CnmdM 
(old) 


MOnea. 


PaUca, or 
IXoUar. 


Canto of 
Beea. 


20 


1 












100 


5 


1 










400 


20 


4 


1 








1000 


50 


10 


2i 


1 






1200 


60 


12 


3 


u 


1 




lOOOOOO 


50000 


10000 


2500 


1000 


823f 


1 



The lowest piece of money is a ree, worth ^VV^ sterling. 
Exchange at 4^ 5s. 2d. per 1 milree. 

BIRMAH. 

The same as in China. 

BUENOS ATRE8. 

The same as in Spain. 

CANADA (BRITISH AMERICA). 

Accounts are kept both as in England and the United Statei* 

CAPE OP GOOD HOPB. 

The same as in Great Britain. 
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CEYLON. 

The same as in Great Britain. 

CHINA. 



Cash. 


Candarine. 


Maoe. 


Tael. 


10 

100 

1000 


1 

10 
100 


1 

10 


1 



A ca8li=^\d. sterling. 

Exchange 1 dollar =+48 7d. 

Or 1 tael =+ 6s. 8d. 



DENMARK. 



Pfenmngs. 


Schillings. 


Marks. 


Bix-doUars. 


12 

192 

1152 


1 

16 
96 


1 
6 


1 



The lowest piece of money is a pfenning, value ^\d. sterling. 

Exchange at i. 48. 9^d. per rix-dollar. 

Or ±_ ^^ schillings per £1 sterling. 



EGYPT. 

The same as in Turkey. 

FRANCE. 



Centimes. 


Francs. 


Napoleons. 


100 

2000 


1 

20 


1 



The lowest coin is a centime, value ^ft^d. sterling. 
Exchange at +^ ^^ francs 12 centimes per £1 sterling. 

FRANKFORT ON THE MAIN, ETC. 



Fennings. 


Krenzers. 


Batzen. 

• 


Florins. 


Rix-dollars. 


4 


1 








16 


4 


1 






240 


60 


15 


1 




360 


90 


22i 


H 


1 



SXCHANOE. 
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The lowest piece of money is a fenning, value ^d. sterling. 
Exchange at +, lOf florins per £1 sterling. 



GRESCS. 



100 lepta= 1 drachma. 

The lowest coin is the lepta, value ^^. sterling. 

Exchange at +^ 28 drachma 1 5 lepta per £1 sterling. 



GIBRALTAR. 



Qnaitos. 


Beds. 


DoQare. 


16 
192 


1 
12 


1 



The lowest coin is a quarto, value ^^. sterling. 
Exchange at +^ 4s. 2d sterling per dollar. 



GENOA. 



100 centisimi=l lira nuova. 
The lira is supposed to be of the same weight, fineness, and 

consequentlj, value as the firanc. 

The lowest coin is a centisimi, value -^d sterling. 

Exchange at J^ ~^ ^^ nuova 9 centisimi per £\ sterling. 



HOLLAND. 



Penmngs. 


Grotes, or 
Pence. 


stivers. 


Schillings 
Flemish. 


Flosuia, or 
Guilders. 


Rix-doIIars. 


Pound 
Flemish. 


8 


1 












16 


2 


1 










96 


12 


6 


1 








320 


40 


20 


3* 


1 






800 


100 


50 


H 


H 


1 




1920 


240 


120 


20 


6 


2| 


1 



Accounts are kept in florins, stivers, and pennings ; and also 
in pounds, schillings, and pence Flemish. 

The lowest piece of money is a penning, worth /^Vd. sterling. 

Exchange at 4^ 37 schillings 6d. Flemish per £ I sterling. 

In Holland there are two kinds of money, called hanco, or 
bank money, and currency, or current money. The agio is from 
3 to 6 per cent : that is, 100 banco is valued at 103 or more 
currency. 
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HANOVER. 

The same as Prussia. 

HAMBUBOH. 



Pfennings. 


Orotes, or 
Pence. 


Schillings 
ofHambro*. 


Schillings 
Flemish. 


Marks. 


RiT-ddDais. 


Pound 
Flemish. 


6 

12 

72 

192 

676 

1440 


1 

2 
12 
32 

96 
240 


1 

6 
16 

48 
120 


1 

8 
20 


1 

3 


1 

2J 


1 



Acconsts are kept in marks, schillings and pfennings ; also in 
pounds, schillings, and pence, as in Holland. 

The lowest coin is a pfenning, worth ^«,^d. sterling. 

Exchange at +^ 13 marks 6 schillings per £1 sterling. 

In Hamburgh, as in Holland, there are two kinds of money, 
banco and currency. The agio varies from 18 to 26 per cent. : 
that is, 100 banco is valued at 118, or more, currency. 

INDIA. 1st. BOMBAY. 



Beas. 


Urdees. 


Dooganeys, 
Sgle. Pice. 


Dorias. 


Faddeas, 
Dble. Pice. 


Quarters. 


Bapees. 


Mohor. 


2 


1 














4 


2 


1 












6 


3 


H 


1 










8 


4 


2 


u 


1 








100 


60 


25 


16J 


m 


1 






400 


200 


100 


66} 


50 


4 


1 




1500 


750 


375 


250 


187i 


60 


15 


1 



Accounts are kept in rupees, quarters, and reas* 
The rupee is also divided into 16 annas, or 50 pice. 
The annas and reas are imaginary moneys. 

The rea is equal to y J^ sterling. 
Exchange at +, 2s. dd. sterling per rupee. 



\ 



KXCHANOK. 



2VD. CALCUTTA, 



ComfH. 


Ocadu. 


Pte«. 


PU««. 


A««. 


C4liniiu 


Bupw. 


Bq^ 


isli 




















26^ 


6? 


1 














80 




3 














390 


SO 


13 




1 










1280 


S-JO 


4» 


16 


4 


1 








5iao 


1380 


193 


64 


16 


4 


1 






seafli 


1484| 


333 i!; 




l'^', .' 


4U 


lA 


I 




95027J 


:J.T,.'.«( 


3ftfi:l;' 


li-,- 


-'■'":' 


:4,\ 


)n.M 


Hi 


1 



Accounts are kept in imaginary money, called mpees. (either 
current or sicca) annas, and pice. £^ specie is reduced to 
ttiis currency before it is entered into books of accounts. 

The cowrie is a email smooth shell, a species of cyprsa, im 
ported from the Idicdive and Maldive islands. It is current as 
long as it continues entire. 

A pice is equal to id. sterlii^ nearly. 

A current rupee is reckoned at 2 shillings and a sicca rupee ftt 
+ 28. 6d. A lac BJgnifies 100000. 

3&D. MADRAS. 



C»b. 


FBUim,, 


Kop«,. 


8t«I>W>dL 


060 
3360 


1 

12 
42 


1 

34 


1 



The East India Compouy and European merchants keep so- 
counts in star pagods, rupees, fanams, and cash. 

Copper coins, of 1, 5, 10, and 20 cash are Btruck in England, 
and sent to Madras for general circulation. 

A cash is equal in value to ^i. sterling, and a star pagoda ia 
valued at 8s. sterling. 

IONIAN ISLANDS. 

Accounts are kept in sterling money. Spanish doubloons are 
valued at 3s. 6d. sterling ; Spanish dollars, at 4b. 4d. ; and 
Venetian dollais, at 4b. 4 id. sterling. 

LOHBASDO-TENZTO. 

Accounts are kept as in Genoa, in lire Italiane, divided into 
ceDtisimi ; but there is in drcnlatioD the lira Austriaca, valuad 
ftt i^d. steHing. 
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MALTA. 



k 



Oarni. 


Tari. 


ScndL 


Sicilian Dol- 
lar, or Pezza. 


20 
240 

600 


1 
12 

30 


1 

2i 


1 



British silver money is introduced into Malta. The Spanish 
dollar is a legal tender, worth 48. 4d.; the Sicilian dollar, 4s. 2d«; 
The Scudo de Malta, Is. 8d. sterling. 

The lowest coin is a garni, valued at ■^. sterling. 

NAPLES. 



Onmi. 


Carlini. 


Tari. 


Ducat de 
Regno. 


10 

20 

100 


1 

2 
10 


1 

5 


1 



The lowest piece of money is a grano, worth |i sterling 
nearly. 
Exchange at j+ 33. 5d. per ducat. 

PRUSSIA, SAXONY, ETC. 



Pfennings 


Zwolftel Tha- 
ler Stuoke. 


Sechstel Tha- 
ler Htucke. 


DrittelThaler 
Htucke. 


SUber 
Groschen. 


Thaler. 


Ftiedrich'e 
Dor 


5 


1 

2 


1 










10 


4 


2 


1 








12 
360 


4t 
144 


72 


36 


1 

30 


1 




1800 


720 


360 


ISO 


150 


5 


1 



The lowest coin is a pfenning, worth iVVd. sterling. 
Exchange at +_ 6 thaler 24 silber groschen per £1 sterling. 

PORTUGAL. 



Rees. 


Vintems. 


Testoons. 


Old 
Cmsados. 


New 
Crusados. 


Mih^es. 


Conto of 
Rees. 


20 


1 












100 


5 


1 










400 


20 


4 


1 








480 


24 


4| 


n 


1 






1000 


60 


1 


H 


2tV 


1 




1000000 


60000 


10000 


2500 


2083i 


1000 


1 



EXCHANGE. 
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The lowest piece of money is a ree, valued at -^^V^ sterling. 
Exchange at Hh 4s. 6<L per milree. 

PALERMO. 

The same money as in Naples. 

PERSIA. 





Mamoodies. 


Ab-i. 


laii. 


Sibrer 
Ri^eas. 


Double 


1 


100 


1 












200 


2 


1 










214? 
512i 
1025 
10000 


2+ 
H 

100 


m 

50 


1 

Mi 

m 


1 

2 

20jo 


1 

mi 


1 



A dinar is worth -rSJ^d. sterling. 
A toman is worth £3. 12s. 6d. sterling. 

PERU. 

The same money as in Spam. 

RUSSIA. 



Copecks. 


B«nk Rubles. 


Silver RnMes. 


Ualflmperisl 

or Fire 
Rabies Reces 


100 

360 
1800 


1 

H 

18 


1 

5 


1 



Throughout Russia accounts are kept in hank ruhles of 100 
copecks. 

A copeck is valued at tVs^ sterling. 

Exchange at +^ 3s. 2|d. sterling per silver ruhle. 



ROMS. 



Bqocchi. 


PaoU. 


Sciuii 
Bomani. 


Scudo d'Oro. 


10 
100 
150 


1 

10 
15 


1 

H 


1 



A hajoccho is worth |^|d. sterling. 
Exchange at Hh 46 Paoli per £1 sterlmg 

SARDINIA. 

The same money as in Genoa 
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SPAIN. 



Maravedis 
Vellon. 



m 

4 

64 

512 

705^4 
1280 
2048 



Maravedis 
of Plate. 



1 

34 
272 
375 

680 
1088 



Quartos. 



1 

16 
128 
176^ 
320 



Heals 

of 
Plate. 



1 

8 
20 



Dollars of 

Plate, Fiaatres, 

or Pezze. 



512 32 



1 

nn 

4 



Ducats of 
Plate. 



1 

233 
5T 



Hard 
Dollars. 



1 
If 



Pistole of 
Exchange 



There are two kinds of money in Spain, called plate and 
vellon. The former being to the latter as 32 to 17. Thus, 32 
reals vellon are equivalent to 17 reals plate. 

The lowest piece of money is the maravedi of plate, valued at 
yV^d. sterling. 

Exchange at +. ^^- V^^ dollar of plata. 

f SWITZERLAND. 

The whole of that country has adopted the French system of 
moneys, and all accounts are now kept according to that system. 

SWEDEN AND NORWAY. 



Rnndstycks. 


Slrillings. 


Riz-dollars 
Banco. 


Riz-dollars 
Species. 


Dollar 
Species. 


6 
108 

288 
720 


1 

18 

48 

120 


1 

6f 


1 

H 


1 



The rundstyck is worth jVd, sterling. 
Exchange at +^ 12 rix-doUars banco 10 skillings per £1 sterling. 



TUSCANY. 



Centisimi. 


Soldi. 


Lira Toscani. 


5 

100 


1 

20 


1 



The lowest piece of money, the centisimi, is worth ^d. sterling. 
Exchaiige at +. ^^ ^^ ^^ centisimi per £1 sterling. 
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TURKEY. 



Mangars. 


Aspers. 


Pttros. 


Piastre or 
Dollar. 


4 

12 

480 


1 

3 

120 


1 

40 


I 



Exchange at +, 110 piastres per £1. 

UNITED STATES. 



Mills. 


Gents. 


Dimes. 


Dollars. 


Eagle. 


10 


1 








100 


10 


1 






1000 


100 


10 


1 




10000 


1000 


100 


10 


1 



Accounts are also kept, in some parts of the United States, 
and in the British possessions, in pounds, shillings, and pence, 
distinguished by the term currency. These pounds, in conse- 
quence of the scarcity of coins, and the use of paper money 
instead of them, are of much less value than the British pounds. 
£100 sterling =+£166 American currency. 

The lowest piece of money is a mill, valued at s^d. sterling. 

Exchange at _+ 4s. 6d per dollar, or _+ 4 dollars 60 centimes 
per £1 sterling. 

312. All questions relating to exchange are easily solved, and 
it is merely necessary to consult the previous tables of foreign 
coinage. The following examples will show the manner of con- 
verting the cunrency of one country to that of another. 

Ex. 1. Convert £640 into francs; the course of exchange is 
25 francs 25 centimes. 

Here *.• £1 = 25 francs 25 cents, 

.-. £640=640x25.25 francs = 16160 francs. 

Ex. 2. Reduce 1840 francs 75 cents to British currency, 
exchange at 25 francs 35 cents. 

Here we have : 25.35 francs =£1, 

.*. 1 franc = — -— ; 
25.35 

And.M840.7& francs=i^^^=i!^l=£72. 12s.3.2d. 



25.35 



5.07 



14 
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Ex. 3. A gentleman's bill amounts to 184 francs 76 cents* 
How much British money, will be required to settle it, at 25 
francs 12 cents per £1? 

V 25.12 francs are worth £1, 

.'. 1 franc is worth -^rr-r^ * 

And .-. 184.75 francs are worth ^^^^'"^^ or £7. 7s. 1.12d. 
nearly, ^^'^^ 

Ex. 4. Eeduce 14640 florins 40 kreuzers (Austrian) to British 
money, exchange at 10 florins 40 kreuzers per £1. 

Here we have : 10 florins 40 kreuzers =£1, 

.-. U640florin9 40kreuzer8=M61^Lfllii^£:2i£l = £1372. 
lis. 3d. 10fl.40kr. 

Ex. 5. Reduce J6364. 188. 9d. sterling to Austrian money, 
exchange at 10 florins 25 kreuzers per £1. 

•.•£1 is worth 10 florins 25 kreuzers, 

.-.£364. 18s. 9d. areworth Je364. 18s. 9d.xl0fl. 25 kr.= 
3801 florins 25.9 kreuzers. 

Ex. 6. if a quantity of port wine be bought for 3245 milrees 
435 rees, what is the cost, in British money, at 6 Id. per milree, 
6 per cent, being paid for insurance ? 

•/ 1 milree =6 Id., 

.-.3245 milrees 435 rees = 3245.435 X 6 Id. = 19797 1.535d. 

And '/ 100 pays 6 insurance, 

.-. 197971.535d. pay l£IHH^i!2i5i:, or 11878.292d. 

/. whole cost=:197971.535d. + 11878.292d.=209849.827d., 
or £874. 7s. 5.827d. 

Ex. 7. A merchant at Amsterdam is possessed of 5179 florins 
16 stivers currency, which he wishes to turn into British money; 
exchange at 36s. J Id. (Flemish) per £1 sterling, and agio at 4 J 
per cent. 

By the question, 104 J currency =100 banc^, 

ti.^nfl lA .• 100x5179 fl. 16 stiv. 4l43840fl. 
.•.5179 n. Id stiv. •■= r- = = 

104J . 883 

4974.59784 fl., or 198983.9136 grotes. 

Also, '.• 36s. lid., or 443 grotes = £1 sterling, 

.-. 198983.9136 grotes = i!5Hl^i?i£^ = ^6449. 17362, 
or £449. 3s. 5f d. nearly. ^^3 
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Ex. 8» Required the value, in Flemish money, of a bill for 
JE290. lis. lOd. sterling; exchange at 33s. lOd, Flemish per £1 
sterling, and agio at 4^ per cent. 

\-jei = 33s, lOd., or 406d. Flemish banco, 

.-.£^290. lis. 10d. = 290T''iAyX406d. = 117980Hd. banco. 

Now, •.• 100 banco =104i currency, 

/. 117980Jid. = ^^^^^^t!^^^^^^'> ^^ 123289.32d., or 

Je513, 14s. IJd. Flemish. 

£x 9. Eeduce 4500 marks current of Hamburgh into pounds 
sterling : exchange at 13 marks 5 schillings per £l sterling, and 
agio 20 per cent. 

•/ 120 currency = 100 banco, 

.-.4500 marks=ii^=3750 marks bouco. 

12 

But 13 marks 5 schillings =£1, 

. o-TKf^ 1 3750xiei ieeoooo ^^01 lo n,j 

.-.3750 marks=--- r-^r^^ ^... =£281. 13s. 9id. 

13m. 5sch. 213 

Ex. 10. In £550 sterling, how many Prussian thalers, Ac ; 
exchange at 6 thalers 25^ silber groschen per £1 ? 
•.•£1 = 6 thalers 25^ silbg., 
.•,£550 = 550 X 6 thalers 25i silbg. = 3767 thalers 15 silbg. 

Ex. 11. If 3000 milrees were paid at Lisbon for a bill upon 

London of £666. 13s. 4d., what was the course of exchange. 

•.•3000 milrees=£666. 13s. 4d, 

. , ., £666. 13s. 4d. . .. , 
.•.1 milree= , or 4s. 5 id. 

3000 

Ex. 12. If port wine be bought for £236. 14s. 8id. British, 
what is the cost in Portuguese money, at 4s. 1 Id. per milree ? 
•.•4s. lid., or 59d. = l milree, 

.•.£1 = \V mihree; 

And £236. Us, 8id,=£236. 14s* 8id.x W-962 mikees 
99 li rees, 

Ex. 13. Bought, Seville oranges, to the amount of 1927 
piastres 3 reals vellon. For what sterling money must the 
bill be drawn, exchange at 3s. 3Jd. per piastre? 

•.• 32 vellon= 17 plate, 

. innfy • Q 1 1927 pi. 3 reals X 17 ^,r^r^t.^^^ . 

.•.1927 pi. 3 reals = — . ^ =1023.851 piastres. 

Now, •.• 1 piastres 3s. 3Jd., 
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/. 10*^3.851 piastres^ 10-23.851x36. ajd., or Jg169. lis. 
6.077d. 

Ex. 14. If a bill of £'89. 2s. ll^d. be dnwn upOD Londofii, 
wbat is the Taltie at Cadiz, in reals of pkte, Sk. ; exehange at 
40d. per piastre? 

V40d.= l piastre, 

/.£:l = Wpi- = ^F' 

/.£'89. 2s. lHd.=£'89. 2s. ll^d-X 6 pi. =534.8875 piastres., 

or 4279 reals 3| maravedis. 

Ex. 15. Reduce £984. 6s. 8d. British to dollars (American), 
exchange at 4s. 7d. per dollar. 
•/4s. 7d., or 55d. = 1 dollar, 
.-.£1 = VV* dollars=4f dollars ; 

/.£984. 6s. 8d.=i251l.5!:^^=4295 dob. 27 cents. 

Ex. 16. A merchant in New York consigns to his foctor, in 
London, goods amounting to £7150. 14s. currency, What 
sterling money must the factor remit, after deducting 2^ per 
cent, for commission ; exchange at 65 per cent. ? 

'.'£165 American currency=£lOO sterling, 

to 

/. £7150. 14s American currency =£?l!2lii?:2iZ^=, 

£4333. 15s. 1 8 Id. '^ff 

On accounts of commission, the fifictor remits 100 out of 102^. 
•.•I02iare worth 100, 

.-.£4333. 158. lild. are worth £^338- ISs. 1.81d.x/^ _ 

1021 

£4228. Is. 1.48d. ^ 

41 

Ex. 17. The course of exchange between Paris and Hamburgh 
is at 185 francs 25 centimes for 100 marks banco. What will 
be the change for 545^ marks banco ? 

•/lOO marks=185 francs 25 cents, 

.•.545i marks =l^M2L^^LHi£:, or 1010.53875 ftancs. 

Ex. 18. A has 2000 Prussian sechstelsthaler, Talued at 17i 
kreuzers each; but by exchange he obtains 569 florins 20 
kreuzers. How much did he lose ? 

\'l sechstelsthaler is worth 17^ kreuzers, 
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.-.2000 sechstelsthaler are worth 2000 Xl7i kzr.. or 35000 
kzr. 

By exchange he obtains 569 florins 20 kzr., or 34160 kzr. 
.•.the loss =840 kzr., or 48 sechstelsthalers. 

Ex. 19. Convert 1200 Austrian florins into bank rubles of 
Bussia ; exchange at 33 kreuzers per ruble. 

•.'33 kreuzers are equivalent to 1 ruble, 

.*. I kreuzer is equivalent to -^^ ruble ; 

.•.1200 fl., or 72000 kzr. are equivalent to ^iflop rubles, or 
2181 rubles 82 copecks. 

Ex. 20. A gentleman invests £1200, value 25.15 francs, in 
the French rentes or stocks, at 5 per cent., at 80. What will 
his income be in ducats, &;c., of Naples ; exchange at 4 francs 
40 centimes per ducat ? 

•.•jei = 25.15 francs, 

.-.£1200 = 1200x25.15 francs, or 30180 francs. 

Now, 80 bring 5 income, 

.-. 1 brings ^y ot^; 

.'.30180 francs bring ^nj^qo francs, or 1886.5 francs. 

But 4.50 francs are equivalent to 1 ducat, 

.-.1886.5 francs are equivalent to ^^^^-^ ^"^-^ or 428 ducats 
3.75 tarL ^-^^ 

313. EXERCISES. 

1. Convert 843 guilders 9 stivers (bank) into current, agio ^| 
per cent. 

2. In £840. 168. sterling, how many rix-dollars current; agio 
4}, and exchange at 34s. 7^d. Flemish per £1 sterling ? 

3. In £640. 158. sterling, how many marks banco ; exchange at 
358. 6d. Flemish per £1 sterling ? 

4. A bill of £454 15s. 6d. is remitted to Paris by a merchant in 
London. What is the value in francs and centimes, exchange 
at 24 francs 75 centimes per £1 ? 

5. In 12450 piastres 2 reals 40 maravedis of plate, how much 
sterling ; exchange at 3s. 4d per piastre ? 

6. Leghorn receives frY)m London a bill of £748. 18s. sterling, 
to be paid in lira, Sec. ; exchange at 28 Ihu 60 centimes per 
£1. How much will be received ? 
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7. London exchanges with Portugal, at 4s. 9|d. per milree, and 
afterwards at 4s. 5Jd. How much is lost per cent, by the 
last transaction, compared to the former ? 

8. Eeduce dE364. 18s. 6id. sterling to Flemish, exchange at 
36s. 9d. per £1 sterling. 

9. In 4646 marks 14 schillings of Hamburgh currency, how 
many poxmds sterling; exchange at 13 marks 8 schillings 
per £1 sterling, agio at 22 per cent. ? 

10. In 24645 dollars specie 60 skillings, how many pounds 
sterling; exchange at 11 rix-dollars banco 12 skillings per 
£1 sterling ? 

11. New York is indebted to London £2989. 10s. currency. 
What sterling money may London reckon to be remittad, 
when the exchange is 60 per cent. ? 

12. Eeduce £345. 10s. 6d. British to guilders, &c., currency; 
exchange at 37s. 6d. Flemish per £1 sterling, and agio at 4| 
per cent. 

13. Requu-ed, the value in Hamburgh banco of a bill for £832. 
14s. 6id. sterling; exchange at 36s. 8d. Flemish per £1 
sterling. 

14. Sold, goods for 36748 francs 35 centimes. Find the Talue, 
exchange at 24 francs 50 centimes per £1 sterling. 

16. In 8464 dollars 40 cents, how many pounds sterling ; ex- 
change at 4s. 4d. per £1 British ? 

16. Reduce £364. 4d. sterling to rix-dollars, &c., of "Vienna; 
exchange at 3s. 8d. sterling per rix-doUar. 

17. Convert 2480 rubles of St. Petersburgh into firancs ; and 
conversely, convert 14580 francs into rubles ; exchange at 1 
franc 60 centimes per ruble. 

18. Frankfort remits 7000 francs to Paris ; the course of ex- 
change at Frankfort is 200 francs per 94} florins, and in 
Paris 100 florins per 212 francs. What sum, in florins, must 
be remitted, according to each course, and which is the one 
preferred ? 

19. What is the value of 3560 rubles, drawn on Holland, ex- 
change at 48 stivers per ruble, commission there i per cent. ; 
and from Holland to London, exchange at 35s. 4d. Flemish 
per £1 sterling ? 
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520. How many rix-dbllais are equal to £2420. 10s. 6d. sterling, 
drawn on Hamburgh ; exchange at 250 marcs banco per 100 
rix-dollars Danish ? 



ARBITRATION OF EXCHANGE. 

8 J 4. Instead of carrying on the business of exchange directly 
between two given places, merchants find it often more advan- 
tdgeoos to exchange with some intermediate place, we shall, 
therefore, determine the course of exchange between the first 
place and the last corresponding to these courses ; and also the 
value of any sum of money of Qie first place in that of the last : 
this is called Arbitration of Exchange, 

Ex. 1. Suppose the exchange between London and Amster- 
dam be 35| florins per £1 sterling, and the exchange between 
Amsterdam and Paris 4 florins per 3 francs ; required the par 
of arbitration between London and Paris, and also the value of 
JB720 in Paris. 

Here 4 florins = 3 firancs, 

/. 1 florin= J franc ; 

And .-. jei, or 35^ florins =£M2iii£!:, or 26.62^ fifancs= 
arbitrated value of £1 sterling. ^ 

.-.£720=720x26.62*. or 19170 francs. 

It follows that if a merchant in London wishes to remit a 
sum of money to Paris, and the course between London and 
Paris be below 26.62*, the indirect exchange should be pre- 
ferred ; if the exchange between London and Paris were at 
26.62*, both courses offer the same advantages ; but if the 
course between London and Paris were above, tiien a direct 
remittance should be adopted : the reasons are obvious. 

Ex. 2. The exchange between Amsterdam and London is 
56} florins for £5 ; between Amsterdam and Hamburgh 85* 
florins for 40 marks ; and between Hamburgh and Petersburgh 
9* schillings per bank ruble. Find how many pounds sterling 
are equal to 8400 rubles, and also how many rubles make £280. 

The following proof is as simple as it is satis&ctory : — 

v56iflorins=£5, 

.Mflorin=^; 
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•.•36i florins, or 640 schillings =^^21^* ; 

1 ,.,v 5x35* 
/. 1 8cliilling= =— ; 

^ 640x56i 
,.H schiUings, or 1 ruble=?^g|^ ; 

And ..• 3400 rubles= ?^X^^X^X^^^ =^^^^^^* = £153. 
14s. nearly. m^m 908 

To convert J6S80 into rubles we have the following solution : — 
•.•9J schillings =1 ruble, 

1 schilling = — . 
* 9i 

35i florins, or 640 schillings =—— rubles, 

"i 

..1 fl • 640 
Vl flonn= ; 

9i X 35i 
.-. 56f florins, or £6 =^^2<^ rubles ; 

640X561 

9^X35^X5 
.^,3,^280 X 640 X 664^2^^^,^,, ^^^^^ 

9ix35i^x5 3291 

The last answer could have been found by dividing the value 

of 1 ruble, viz., -L-— — I- — into £280, as may be easily 

ascertained. ^^^ X ^^i 

In practice, the following method is usually employed, called 

the chain rule : — 

£5 = 5 6| florins. 

35^ florins =40 marks, or 640 schillings. 

9 J schillings =1 ruble. 

3400 rubles =£a?. 

3400x9Jx35jx£5 ^1^01. v r 

.•.«= :r-~ — ra-r =£153. 14s. as before. 

640x56| 

In the arrangement of the quantities we must take care to begin 
each line with the term which is of the same kind as the last 
term of the preceding line. 

Ex. 3. A French ;nerchant desires to remit £1200 to London, 
and he applies to his banker for that purpose, who chflj^ges 1 per 
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cent. How many francs must the banker receive, supposing 
that 

i'20= 125 rubles, 
60^ rubles = 144 marks of Hamburgh, 
95 marks =40 dollars of plate (Spanish), 
1 1 dollars =41 francs ? 

Solution by fractions : •/ JB20= 125 rubles, it follows that £1 
= V(^ rubles ; similarly, '.' 02^ rubles =144 marks, it follows that 

1 ruble=i^ marks, and /. JBl = >^ of 11^ marks ; but •/ 95 

marks =40 dollars, it follows that 1 mark=|| dollar, and .'. £1 
= 1^ of ill of H dollars; but *.• 11 dollars=41 francs 

it follows that 1 dollar =44^ francs; and therefore that J^l = 
1 



^ of ^ of « of 4i fn.ucB=2«J^; ,. ,,.,00 = 
' I 

m 

^22<152ii«>ill=31186.68 francs. 

f 10 

And commission at 1 per ('^nt. = 312 francs. 

/. the banker receives 31180.08+312=31498.08 francs, 

By the chain-rule method, we have : 

je20=125 rubles, 
02^ rubles = 144 marks, 
95 marks =40 dollars, 
11 dollars=41 francs, 
a: francs =£1200. 
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4H 




?^X^?^X?^Xll **** 312 c om.' 

^ ? '• 8149».68 fis. 

The principle of arbitration of exchange may be extended to 
a variety of questions, which an example will illastiBte. 

Ex. 4. 14 Welshmen perform a piece of work in 8 dajs. 
6 Irishmen in 2 days do as much as 5 Englishmen in 3 days. 

3 Englishmen in 4 days „ fl Scotchmen in 6 di^s. 

4 Scotchmen in 5 days „ 7 Welshmen in Ul dt^ 
How long will 10 Irishmen, 12 En^hmen, and 16 Scotchniai 
be doing the same work respectively ? 

•.•6 I. in 2 d., or 12 L in 1 d. = 5 E. in 3 d., or 15 E. in 1 d. 
3E.in4d., or 12 E. in J d. = 2 S. in 6 d,, or 12 S. in 1 d. 
4 S. in 5 d., or 20 S. in 1 d. = 7W.in2id-, or IT^W.inl d. 

1 

/ 

,M I. in 1 d.=fi^i^2iHt W. in 1 day,or IfW-in 1 day. 

/?x/?x?p 

4 4 

/. 10 I. in 1 d.= VV W. in 1 day ; 
.MOI. in32d. = 350 W. m 1 day; 

.MO I. in 5^=14 W. in 1 day; 

25 ^ 

.\ 10 L in ?i^, or 10^ d.= 14 W. in 8 days. 1st answer. 

.M E. in 1 day=li^iHi W. in 1 d., or J W. in 1 day ; 

.-.12 E. in 1 day= V W. in 1 day ; 
/. 12 E. in 8 days= V W- in ^ ^ys J 
/.12 E. in fy = i W. 8 days; 

.', 12 E. in i^, or lOfd. = 14 W. in 8 days. 2nd answer. 
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•.• 1 S. in 1 d.=— 1 W, in 1 day, or J W. in 1 day. 

.-. 16 S. in d.=H2i7 w. in i ^ay, or 14 W. in 1 day; 

8 
.•.16 S. in 8 d. = 14 W. in 8 days. 3rd answer. 

315. EXEBCISES. 

1. II London exchanges with Russia, at £24 for 150 rubles; 
between Eussia and Hamburgh, at 275 rubles for 600 marks ; 
between Hamburgh and Venice, at 112 marks for 42 piastres ; 
and between Venice and Paris, at 12 piastres for 05 francs. 
Find how many francs there are in £600. 

2. Of four different kinds of cloth, 4 yards of the 1st kind are 
worth 7 yards of the 2nd kind, 10 yards of the 2nd are worth 
8 yards of the 3rd, and 3 yards of the 3rd are worth 5 yards 
of the 4th. Bequired, how many yards of the 4th kind are 
worth 51 jaida of the 1st. 

3. If the course of exchange be £8 for 112} florins Amsterdam, 
56^ florins for 64 marks of Hamburgh, and 19^ schillings of 
Hamburgh for 2 rubles of Russia. Determine how many 
pounds sterling are equivalent to 4000 rubles, and also how 
many rubles to £4000. 

4. The rates of exchange are at £1 for every 25.15 francs, at 
30 francs for 16f marks df Hamburgh ; also at £^ for 1 
thaler of Berlin, and at 51 thalers for 100 marks of Ham- 
burgh ; also at £7| for 100 marks. Which is the most 
advantageous way to exchange 1500 marks in pounds sterling, 
through Paris, Berlin, or direct from Hamburgh to London ? 

5. K 12 lbs. at London = 10 lbs. at Amsterdam. 
100 lbs. at Amsterdam =120 lbs. at Toulouse. 
18 lbs. at Toulouse =24 lbs. at Leghorn. 
36 lbs. at Leghorn =31 lbs. at Antwerp. 
49 lbs. at Antwerp =58 lbs. at Dantzick. 
How many lbs. at Dantzick =540 lbs. at London ? 

6. Admit that 48 Russians perform a piece of work in 1 7 days, 
and 27 Poles in 14^ days = 38 Russians in 13 days, 
11 Prussians in 8 days =16 Austrians in 6 days, 
9 Austrians in 15 days =10 Italians in 7 days, 
18 Italians in 4 days=17 Dutchmen in 5 days, 
13 Dutchmen in 19 days =25 Russians in 9 days. 
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How long will 17 Poles, 19 Prussians, 7 Austrians, 26 Italians, 
and 1 1 Dutchmen be in doing the same work respectively ? 

7. The exchange between Amsterdam and Cadiz is at 90d. per 
1 ducat. 

1 florin is worth 40 pence. 

1 ducat is worth 375 maravedis. 
34 maravedis are worth 1 real. 

8 reals are worth 1 piastre. 

4 piastres are worth 1 pistole. 
The exchange between England and Spain is 12 shillings for 
1 pistole. It is required to find how much 1 088 florins of 
Holland are worth in pounds sterling. 

8. Convert 4.3 inches decimals into duodecimals, granting that 
100 inches decimal = 144 inches duodecimal. 

9. How much will 26 square feet 2 square inches 8 square lines 
in decimals amount to in duodecimals, when 10000 square 
lines decimal =20736 square lines duodecimal ^ 

10. Eeduce 6 cubic feet 520 cubic inches 50 cubic lines decimals 
into duodecimals, when 100 x 100 X 100 cubic lines decimal = 
144 X 144 X 144 cubic lines duodecimal. 

11. A merchant in England has to receive 1240 piastres from 
Venice, for which he can obtain directly 50d. per piastre ; by 
the circular way, he remits first to Leghorn, at 48 piastres 
for 51 ducats ; thence to M^rid, at 325 maravedis per 
ducat; thence to Oporto, at 626 rees per piastre of 272 
maravedis ; thence to Amsterdam, at 51 pence per crusado 
of 400 rees ; thence to Paris, at 55 pence per 3 francs ; and 
thence to London, at 30 pence per 3 francs. How much 
more profitable is the circular way than the direct, allowing 
commission at J per cent. ? 
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316. It often happens that in business, goods of the same 
kind are mixed together, either to improve an inferior kind by 
mixing it with a superior one, or in order to sell goods of a 
superior quality, the price of which alone is too high for sale. 

When several ingredients of different values are mixed toge- 
ther, a mixture of a certain rate is obtained. Thus, if 1 lbs. 
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of sugar at dd. were mixed with 6 lbs. at 6d., and 8 lbs. at 6}d., 
what is the price of the mixture per lb. ^ 

Here 10 lbs. at 4d. per lb. = 40d. 

Gibs, at 6d. per lb. = 36d. 

8 1b8.at6id.perlb. = 54d. 

.•.24 lbs. are worth 130d. 

.'. 1 lb. of mixture = V^<i«» ^^ 5jd. nearly. 

317. We may also have to determine the quantity of each of 
the ingredients which are to be mixed together. 

Ex. How much wine, at 4s., 5s., and 7s. must be mixed 
together, so that the mixture may be worth Os. ? 

Since the 4s. wine is sold at 6s., the gain is Us ; the 5s. wine 
being sold at 6s., there is another gain of Is. ; but the 7s. being 
sold at 6s., the loss is Is. Thus, by mixing 1 measure of 
each sort, the gain is 3s., and the loss Is. ; therefore, the 7s. 
wine must be increased, so that the loss equal the gain ; then 
taking 3 measures of the 7s. wine to 1 measure of each of the 
others, we have a composition in which there is neither gain nor 
loss. The proof is evident. 

318. The inference from these considerations is, that when 
several ingredients are mixed together, we may have to find the 
rate of the mixture when the price and the quantity of each is 
given ; and we may also have to find how much of each kind 
must be mixed, when the rates of each ingredient, and of the 
mixture are known. Questions treating of this subject belong 
to a section of arithmetic called Alligation, 

319. Treated algebraically, alligation offers no difficulty what- 
ever ; but its principles are not so esisily investigated by 
arithmetic: at least, most arithmeticians have failed in their 
way of handling it, We shall present the solutions of various 
cases, hoping to render the subject intelligible to the learner. 

Ex. 1 . A mixture being made of 8 lbs. of tea, at 6s. 6d. per 
lb. ; 10 lbs., at 4s. 6d. per lb. ; and 12 lbs., at 5s. 8d. per lb. 
What is 1 lb. of it worth ? 

8 lbs. of tea, at 6s. 6d. per lb. = 52s. 
10 lbs. „ 4s. 6d. „ =45s. 
12 lbs. ., 5s. 8d. ., =688. 



.•.30 lbs. of tea cost =1658 

.•.1 lb. of tea cost ^0*8. = 5s. 6d. 
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Ex. 2. How many carats fine in a mixture of 3 lbs. of gold 
bullion, 18 carats fine ; and 5 lbs., 22 carats fine? 

[Note. Pure gold contains 24 carats, but if a composition is 
said to be 20 carats fine, there is in it 4 parts of aUoy and 20 
parts of pure gold.] 

In 3 lbs. there are 3 x 18, or 54 carats fine. 

In 5 lbs. „ 5 X 22, or 1 10 carats fine, 
.'.in 8 lbs. „ 164 carats fine, 
.'.in 1 lb of mixture there is ^, or 20.5 carats fine. 

Ex. 3. A merchant has ^ines at 12s., 15s., 18s., and 20s. per 
gallon, which he mixes to make a composition worth 16s. per 
gallon. How much of each sort must be taken ? 

The 12s. wine being sold at 16s., the gain is 4s. per gallon. 

,, 108. tf If ,, „ ,, Is. ,) 

„ 18s. „ „ „ „ the loss is 2s. „ 

,, ti\)3. „ f, ,, ,y ,, 4S» }• 

.'.by mixing one gallon of each sort there is 5s. gain, and 68. 
loss : but the gain must equal the loss, then we perceive that by 
mixing 2 gallons of the 15s. wine, we increeise the gain by Is. 
which was wanted. Therefore we obtain a proper composition by 
putting 1 gallon of the first, third, and fourth kind, and 2 gallons 
of the second. 

Which is easily proved to be correct, for 

1 gallon at 12s. = 12s. 

2 gallons at 158. = 30s. 
1 gallon at 188. = 18s. 
] gallon at 20s. = 208. 

.•.5 gallons of the mixture = 808. 
and .'.1 gallon of the mixture = \o or 168. 

The process is as follows : 

p2+4 X 1 gallon, or 4 gain. 

15 + 1x2 gallons, or 2 gain. 

18 — 2 X 1 gallon, or 2 loss. 
(20 — 4 X 1 gallon, or 4 loss. 

It need scarcely be mentioned that in questions of this kijid 
the number of answers is unlimited. 

Ex. 4, How much alloy must be added to gold, 10 oz. fine, to 
bring it to TJ oz. fine ? 
There are 10 oz. fine in lib. or 12 oz. 



16- 



aixigahox. 
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.'.there is 1 oz. fine in lOx 12 oz„ or 120 oz. 
.•.there are 7i oz. fine in or I6|ft oz. 

and .'.IBfl — 123:4f}oz. alloj to be added. 

Ex. 5. How much gold of 21 and 23 carats fine, must be 
mixed with 30 oz. of 20 carats fine, to bring it to 22 carats fine ? 

21 + 1 X 1 oz.= 1 gain. 
22 23 — 1x61 oz. = 61 loss. 
(20+2x30 oz. = 60 gain. 
We observe that by mixing 1 oz. of each, the gain in fineness 
is 3, and the loss 1, but as 30 oz. of 20 carats fine are to be 
mixed, the gain is 61, therefore taking 61 oz. of the 23 carats 
fine, we get a composition where there is neither gain nor loss. 
It will be noticed that the number of answers is unlimited. 

Ex. 6. My labourers consist of men at Is. 6d., and women at 
Is. per day, and the amount of the whole wages is the same as if 
each of them received Is. 4d. ; the number of women is 20, find 
the number of men. 

Is. 6d.— 2 X 40 = 80 loss. 
.Is. 0d.+4x 20=80 gain. 

The loss of each man is 2d., and the gain of 20 women 80d., 
it is evident the number of men must be 40, because 40 x 2d.= 
80d.; the men's loss = the women's gain. 

Ex. 7. What quantity of tea, worth 8s., 7s. 6d., and 6s. 6d, 
per lb., must be mixed together to form a parcel containing 601b6. 
worth 78. 4d. per lb. 

[8s. Od.— 8x1= 8 loss. 

7s. 4d. • 78. 6d. — 2x1= 2 loss. 

,68. 6d- + 10x 1=10 gain. 

When lib. of each kind is taken, we perceive that the gain= 
the loss, and as a parcel of 601bs. is to be mixed, y^ or 201bs. 
Express how many lbs. of each sort are required. 

Ex. 8. A dealer in spirits has 200 gallons, worth 12s. 8d. per 
gallon, which he mixes with three other kinds, worth 12s. 4d., 
1 5s. 6d., and 16s. 8d. per gallon, in order to sell the whole at 
16s. 2i How much of each must be taken ? 

(128. 8d.+42x 200 = 8400 gain. 

12s. 2d. + 48 X 1 = 48 gain. 

16s. 6d.— 4X 12= 48 loss., 

^16s. 8d.— 6 X 1400 = 8400 loss.' 



16s. 2d. 
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The gain on the 200 gallons, is 8400d., and since 6d. is lost 
on 1 gallon of the last kind, 8400d. will be lost on aj^ or 1400 
gallons, also since 48d. are gained on 1 gallon of the second, and 
4d. lost on 1 gallon of the third, therefore Y or 12 gallons, will 
give a loss of 48d. Here then the loss = the gain as required. 

Questions of this kind admit of many answers. 

320. EXERCISES. 

1. A labourer performs 34.2 yards on Monday, 37.8 yards on 
Tuesday, 36.9 yards on Wednesday, 35.7 yards on Thursday, 
36.6 yards on Friday, and 34.8 yards on Saturday. What is 
the average daily work ? 

2. Brass is made by casting 3 parts of zinc to 7 parts of copper, 
if 1 lb. of zinc cost 4d., and 1 lb. of copper cost Is. 8d. What 
is the price of 1 lb. of brass ? 

3. Bronze for cannons is obtained by melting 11 parts of tin, 
to 100 parts of copper, the value of tin is lid. per lb., and of 
copper. Is. 4d. per lb. The price of 1 lb. of bronze is required ? 

4. A bell is cast by melting together 220 lbs. of tin, 780 lbs. 
of copper, 10 lbs. of zinc, and 8 lbs. of lead. Tin is Is. per 
lb. ; copper, Is. 2d. per lb. ; zinc, 5d. per lb. ; and lead, 2d. 
per lb. Find the value of the bell, and also of 1 lb. of this 
bronze. 

5. Printing types are composed of 20 parts of antimony, 80 
parts of lead, and 5 parts of copper. What is the value of 
1 lb. of this composition, if antimony is 4s. 6d. per lb., lead 
2d. per lb., and copper Is. 3d. per lb. ? 

6. "What quantity of wines at 24s., 21s., 18s. and 16s. per gallon, 
must be mixed so as to make a composition of 1000 gallons 
at 20s. per gallon ? 

7. How many gallons of water must be added to 20 gallons of 
wine at 18s. per gallon, so that the mixture be worth 15s. per 
gallon ? 

8. Some sea water contains 1 lb. of salt in 32 lbs of water. 
How much spring water must be added to it so that in 32 lbs. 
there may be only 2oz. of salt ? 

9. A dealer has spirits at 32 degrees which he desires to be 
reduced to 21 degrees, by mixing water with it. How must 
he do that ? 



ALLIGATION. SOO 

10. A cask containiiig 480 bottles of wine, has been filled witb 
wines at 6s. and 4s. a bottle, and the whole cask is worth 
£108. how many bottles of each does it contain ? 

11. A wine merchant has wine at 4s., 5s. and 6s. a bottle, 
which he desires to mix in equal parts with 108 bottles of 
another wine at 5s. 8d., so that the mixture be worth 5s. 6d., 
what quantity of each sort of wine is he to mix ? 

12. A jeweller has gold at 15, 17, 18 and 22 carats fine, with 
which he wants to make a composition of 40oz. 20 carats 
fine, how much of each must he take ? 

13. How many gallons of wine at £75, £-90, £1*20, and 
£'60 are required to make 150 gallons, at £1. per gallon? 

14. A spirit merchant, who has 500 gallons of spirits, worth 
13s. 4d. per gallon, wishes to mix it with three other kinds, 
worth 12s. 6d., 14s., and 16s. 6d. per gallon, in order to sell 
the whole at 15s. 4d. per gallon. How much of each must 
betake? 

15. A druggist has two sorts of bark, one worth 5s. 9d., and 
the other 10s. per lb. What portion of each must he take 
to make a mixture of 2^ cwt. that will be worth 8s. 6d. 
per lb. ? 

16. It is required to mix British spirits at 9s., French wine 
at 17s., ginger wine at 8s., and water at per gallon together, 
so that tibe mixture may be worth 6s. per gallon. How much 
of each must be taken ? 

17. If I melt 8 lbs. 5^ oz. of bullion, of gold 14 carats fine, 
with 12 lbs. 8 oz., of 18 carats hne, how many carats hne is 
the mixture? 



lA 



lit COL'BSE OF ABITBIIETIC. 

INVOLUTION AND EVOLUTION OF NUMBERS. 



3QI. A square is a figure, tbe four sides of which are eqaal. 
Hud the angles right-angled. A square surface, the side 
of which is one foot or one iurh is called a square foot or 

a Eqimre inch. 

If the side were two feet, the soi&ce would be four 
square feet. 



D 



_j If the surface were three feet long and three 1 
I broad the square would, consequentlj, be nine 1 



_._! Then, to find ^e number of square feet con' 
i-pi tained in a square sur&ce the dimension of one 
\~ Z, side must be known, since that dimension is to 
'--] be multiplied by itself ; for, if each of the sides be 

~~ 8 inches, joining the points of division of the op- 

— posite sides in order, we have 64 squares, each 

one inch. 

For thia reason the name of square nvmbers has been given to 
the product of any number multiplied by itself, or to the product 
of two equal foctors. 1 is a square number, benause it is the 
product of 4X4. 25, 30, 49, 64, 81, 100, Ac, are square 
numbers. 

Therefore, to find the square of any number it must be multi' 
plied by itself, 

33ii. The number expressing the dimension of one side of a 
square, or one of the two equal factors, is called the square root. 
Thus, 4 is the square root of 16. 7 of 49, Ac. 

Let it be required to find the square of J. For that purpose. 
suppose a line divided into two equal parts, and a square de- 
scribed upon that line, it will contain 4 small equal squares, and 
i — 1 — p the square formed upon the half of the line is J of the 
— — whole square ; therefore, the square of J is J, viz., 1x4 
I I I =J. It would appear that the square of a faction is 
smaller than that fraction ; but n*e must remember that the 
square root of i is a line or length, whilst the square J is a 
surface, which is one-fourth part of the whole square. 

The square of 4 is 13- Let a base be divided into 7 equal 
parts, and a square described upon it, that square contains 49 
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small Bquarcis, but the square described upon f of the base 
contains ouly )ib of them. Therefore, to square a fraction, 
multiply the numerator by itself and divide it by the denomi- 
nator multiplied by itself. The square of } ia J x J, or Jl-. 
Thesquareof 2i, or of j = jx} = V, or 5}. The square of 
8.4 = 3.4X3.4, or 11. 5». 

323. The cube is a geometrical solid in the form 

^ of a die, viz., having the same dimensions in every 

way. A solid of this shape, measuring one foot or 

one inch in every way, ia called a cubic foot or a 

J cubic inch. 

On a line 2 feet long let a square be described, and with a 
height equal to the breadth or the length, 
complete the scheme as in the figure, we 
obtain a solid composed of 8 cubes, one foot 
every way. The same may be exemplified by 
placing & small cubes, supposed to be one foot 
every way, so that four stand on a square base 
of four square feet, and four on the top of these, 
thus a solid having 2 feet every way is formed. The same may 
be done on other square bases, and we arrive at the conclusion 
that a cube or cubic number is the product of a number multi- 
plied twice by itself, or is the product of three equal factors. 

324, The number expressing the length of one side of the 
cube, or one of the equal factors, is called the cube root, thus ; 
3 is the cube root of 27 , because 3x3x3 = 27. 
The cube of 4 = 4x4x4 = 64. 
The cube of 10=111x10x10 = 1000. 
The cube of i=ixi Xi = J. (See preceding page.) 
Thecubeof 3=ixjxJ=H. 
The cube of 2$ = ^ x|x| = W = 19i?- 
The cube of 4.24 = 4.24 x 4.24 x 4.24 = 76.225024. 

323. A number which is multiplied once, twice, three times, 
four times, Sec-, by itself, is said to be raised or involved to the 
second, third, fourth, fifth power, &c. The number itself is in 
the first power. The second power of a number is the same as 
its square, and the third power the same as its cube. 

As an exercise, the pupil may construct a table similar to the 
following, which can easily be extended 
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This process is termed Involution, and the reverse process, viz., 
that of finding the original number, called the rooty is termed 
Evolution. 

326. If the same number be repeated or multiplied by itself, 
it is expressed by placing rather above the number a figure called 
index or exponent, denoting how often it is repeated. Thus, if 7 
were to be repeated three times, or raised to the third power, it is 
expressed in this manner: — 7^ and 20 » is the eighth power 
of 20. 

327, A sign is also used to express the root of a number, 

o J 4 

V^ or V , V , V , &c , denote the square root, the third or 
cube root, the fourth root, &c. The same is also expressed by 
ij i> i» &c. placed a little above the number. 

Thus V36 or 36^ express the square root of 36. 

,• v^48 or 48^ „ fourth 48. 

„ 'V^20*or20^ represent the third root of the fourth power 

of 20. 
„ ^12* or 12^ „ eighth „ fifth „ 12 
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328. We shall consider, in the first place, the squares of the 
natural series of numbers, from which we shall make some obser- 
vations which will be found useful for explaining the extraction 
of the square root. 

The squares of the numbers of one digit 
1, 2, 3, 4, 5, 6, 7, 8, 9, 
are 1, 4, 9, 16, 25, 36, 49, 64, 81. 

The square of 10 is 100, of 99 is 9801, of 100 is 10000, of 
999 is 998001, &c., &c., &c 

From this we infer that the figures of a square are twice those 
of the root, except when the first figure of the root is 1, 2, or 3, 
then the figures are twice as many, minus one. 

Therefore — 1st, every square of one or two figures has only 
one figure in its root ; 2nd, every square of three or four figures 
has only two figures in its root ; 3rd, every square of five or six 
figures has only three figures in its root ; 4th, &c. 

By this law the square roots of 567 and 4236 have two figures, 
53641 and 168478 liave three figures. For this reason before 
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extracting the square root of a number it is divided into periods 
of two figures, beginning at the units' place, above which a point 
is placed, as also on every alternate figure. The number of points 

show the number of figures in the root. Thus 243, because it 
has three figures, has two in the root, and the points show it 
also. 

It follows also that 1 is the integer part of the square root of 
all numbers from 1 to 4. The square root of 2 is 1 with a frac- 
tion, the same applies to 3 ; a fraction is found in the root of 
every number which is not a perfect square, and the square root 
of such a number is the root of the preceding perfect square plus 
a fractional part. Thus the square of 20 is 4 and a fraction, that 
of 90 is 9 plus a fraction. It shall be shown that the roots of 
such quantities can only be approximately found, and these quan- 
tities are called surds or irrational quantities. 

329. If we analyse what takes place when squaring a number 
we shall derive a formula or law which will enable us to extract 
the square root of numbers. 

Every number of two or more figures allows of its being divided 
into two quantities. For example 27 = 20 + 7; 424 = 420 + 4 ; 
84625 = 84620 + 5. Let us express generally the first part by 
a, and the second by 6, so that a+b represent all numbers of two 
or more figures ; then squaring a+b we have 

{a+bY={a+b) {a+b)=:aXa+axb+bxa+bxb=a^+iiXa 

Xb+b\ 

330. Hence it follows that the square of a number of two or 
more figures contains the square of the first part (a»)+t^vice the 
product of the first part by the second (2 x a x b)+ihe square of 
the second part (b^). 

According to this law the multiplication is thus carried on— 

36«=(30+6)»=(30 + 6) (30 + 6.) 
= 30x30+30x6 + 6x30+6x6. 
= 30» + 2x30x6 + 6». 
= 1296. 
Also, 524> =(520 + 4)« =(620+4X520+4). 

= 520 X 520 + 520 X 4+4 X 520+4 x 4. 
= 520> + 2x520x4+4«. 
= 274576. 

331. Ex. 1. Let it now be required to extract the square 
root of 5 76. 



SQUARE ROOT. 



215 



\/576: 
400 : 

2Xa=40)176: 

160: 

16 



a b 

20+4 
a> 

.^Xaxb 
b* 



The process in practice is this : 

576(24 
4 = a« 

44)176" 

176 = 2xaxft+6« 



Since 576 is a number of three figures, and there are two in 
tihe root, as the points show. Therefore extracting the square 
root of the first period, or of 500, the root is found to be between 
20 and 30. take 20 and subtract 20* (a'), or 400 from 500, the 
remainder is 100, to which the second period is added, and 176 
contains twice the first part by the second + the square of the 
second part, then dividing the whole remainder by 2x20 = 40, 
the quotient is 4, which is the second part of the root ; lastly we 
subtract 40x4 (2xax^)+42(^»)=176, from the remainder 
176 and is left. 

.•.V576 = 20+4 = 24. 

The proof of it is 24» = 576. 
20 4 The annexed diagram shows plainly what 



4X20 16 



400 



X 



we have just explained, here xs = 576, xz=: 
20, .•.aro = 400, and vo+os+ oy= 17 Q, zyia 
found to be 4, then •i/+ov = 2x20x4, 
and OS is the square of 4 or 16, which com- 
pletes the square xs. 

We must observe that the first figure of 
the root (2) expresses tenths, twice its pro- 
duct is 40, or 4 tenths ; so we might have divided 17 tenths by 
4 tenths, instead of 176 by 40, and the quotient would have 
been the same. 

Ex. 2. 7225 is the square of what number? 

. . ab 

V7225 = 85 

64 =a« 

2a+6= 165)825 

825 = 2xaxft+6» 

This number of four figures has two periods. V 72 is between 
8 and 9, therefore 8 is the first part of the root, and 8* or 64 
being subtracted from 72, the remainder is 8, the next period 25 
being brought down, we divide 82 by 2 X 8 or 16, and the quo- 
tient is 5, the second part of the root, we set 5 after 16 tenths to 
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M up the units' place, for (16 tenths + 5 units) x 5 = (2 x a 
+b)b=:2axb+b^j and subtracting 825 from 825 the remainder 
is 0, .'. 'v/7225 = 85. The proof of the operation is85« = 
7225. 

332. Having thus explained the extraction of the square root 
of two figures, it will not be difl&cult to find a root of three figures, 
for the two first are determined as before, and to find the third 
we consider the two first figures, as composing the first part of 
the square root. 

Were we to extract the square root of a number of 7 or 8 
figures, the root would consist of four, we should find the three 
first, as just mentioned, and then considering those three figures 
as the first part, the fourth would be the second part of the 
square root. 

Ex. 3. Find the square root of 294849. 

294849(543 
25 = a2 

2x50+4 = 104) 448 

416=:2 ax^+^» 
2x540+3 = 1083) 3249 

3249 = 2ax6+^* 

Here we find the number consisting of three periods, from the 
first period the square root is 5 ; the square of which being sub- 
tracted leaves 4. Bring down the next period 48, then 448 is 
the second part, divide 44 by 2 x 5 or 10, the double of the first 
figure in the root, we set the quotient 4, as the second figure in 
the root, then we subtract (2 x 50+4) x 4, or 416, from 448, Ae 
remainder is 32. We then bring down the last period 49. Now 
we are to divide 3249 by 2 x 54, or 108, twice the first figures 
of the square root, which we regard as 1080, the quotient is 3, 
which is the third figure of the square root, and we subtract 
1080 X 3 + 3* = 3249 from the dividend 3249, the remainder is 0. 
.-. V294849 = 543. 

The proof is 543 » = 294849. 

If after having brought down a period by the remainder, the 
double of the root was not contained in this dividend, the last 
figure being cut ofi*, a cipher is set at the root, and also after the 
double of the root, and a new period is set down by the side of 
the other one, and proceed as before. 
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338. EXBBCISE8. 

1. Extract the square roots of 676, 1689, 9801. 

2. Find the square roots of 16r29, 258064, 61340224. 

3. What is the square root of 258064 ? 826281 ? 31360000? 

334. The square roots of irrational quantities or surds cannot 
be exactly expressed, but we can get an approximate root, correct 
to as many decimals as we please, by affixing to the right hand 
of the last remainder as many periods of ciphers, as we require 
decinud figures in the root 

Thus, if it were required to extract the square root of 345, 
true to three places of decimals, or within .001 the operation is 
carried on as follows : — 

\/345(=l«.574 
I 

28)245 
224 



365) 2100 
1825 



3707) 27500 
25949 



37144) 155100 
148576 



6524 

The square root of 345 is found as before ; to the remainder 21 
a period of ciphers is appended, and the quotient is found to be 
5, the remainder is 275, to which a period of ciphers is added, 
and so on. Since three periods of ciphers are appended to the 
integral part, there are three decimal figures in the root, viz., as 
many decimal figures as periods of ciphers, which are pointed from 
the right hand. 

In this and like cases where ciphers are appended, the root can 
never terminate, because no figure multipli^ by itself can pro- 
duoe a cipher. 

335. If the number from which the square root is to be ex- 
tracted were a mixed number, the fractional part is converted 
into decimals, and periods of decimals are brought down as men- 
tioned with regard to the ciphers ; or if we had to extract the 
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square root of a decimal, the pointing is made from the units* 
place to the right hand. 

Ex. 1. Required the square root of 28 1. 

v^28j=x 'v/28.625( = 5.35023 
25 

103) 362 
309 



1065) 5350 
5325 



107002) 250000 
214004 



1070043) 3599600 
3210129 

389471 

After what has been said the operation is easily understood : — 
The square root has been extracted to five places of decimals. 

Ex. 2. What is the square of .2, true to .00001 or to 5 places? 

A/.20 (=.44721 
16 



84) 400 
336 



887) 6400 
6209 



8942) 19100 

17884 



89441) 121600 

The periods are perfectly similar to the cases we have examined; 
the first period is .20, and not .2, because .4 x .4 + .04 =.20 = .2. 

336. By what has been said of the squaring of vidgar fractions 
it is evident that the square root of such quantities is found by 
extracting the square root of both numerator and denominator. 
Thus the square root of ^ is 4, since 3x3 = 9 and 5 x 5 = 25. 
But it generally happens that the numerator, or denominator, or 
both, are not square numbers, then divide the square root of 
their product by the denominator. 

For ,/!=,/3x5^v^.?:^»=.„4 



5 V 5x5 
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The fraction may be reduced to decimals, and the square root 
of the decimals extracted. Thus 

49 

147)1100 
1029 



1544) 7100 
6176 

924 

337. EXERCISES. 

1. Find the squares of 23, 549. 467825. 

2. Required the squares of f , yW, 4, Jf |. 

3. What are the squares of 3||, ISf, '^7JJ, 462i|J? 

4. Raise to the squares 2.5, .3, .03, 3.216, .0000092, 9.0006. 

5. What number is that, the square root of which being increased 
bT 13, the sum is 29 ? 

6. The treble of the square root of a number is 54, required the 
number. 

7 Take the fifth part of the square of 3.26. 

8. Extract the square root of si, 1444, 32041, 2939483089. 

9. Required the square root of ^:^, yVy. WtYt* IISt- 

10. Find the value of s^^^M, ^719^ v'SSTg] ^.011664. 

11. 729 men are to be formed into a solid square, how many wiU 
be on one side. 

12. Several persons gained £'841, each received as many pounds 
as there were persons, how many were there? 

13. A piece of land, 108 yards long and 12 broad, is to be ex- 
changed for an equivalent square plot, what is its length ? 

14. The two sides of the right angle of a right angled triangle 
are 6 and 8 yards long, how many yards is the hypothenuse ? 

15. The square root of a number multiplied by 7 = 161. Find 
the number. 

16. A f&nsk of 363 acres is three times as long as broad, find 
both its length and breadth in yards. 
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17. A ladder, 17 fe«t long, stands against a wall, its base is 8 feet 
from the bottom of the wall, how high does it reach? 

18. A rectangular garden contains 180 square yards, if it were as 
broad as it is long it would contain 225 square yards, required 
its length and breadth ? Also what is the length of the dia- 
gonal of the said garden ? 

19. In constructing a railway, a tunnel is to be made through a 
hill, whose top is 180 feet above the level of the line, and the 
slant sides are 560 and 960 feet respectively : What is the 
length of the tunnel ? 

20. A creditor received the same sum from each of two debtors, 
the product of the two sums is £177241. What was the 
amount of each debt ? 

21. The diagonal of a square is 33.64 chains, find the area of 
the field and the cost of fencing it round at 2s. 6d. per yard. 

22. Two ships set sail from the same port, one of them has 
sailed due east 75 knots, the other due north 112 knots. How 
far are they asunder ? 
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338. It is necessary to have a perfect idea of the formation of 
a cube, by the multiplication of its factors, in order to under- 
stand the extraction of the cube root. 

The cubes of the first nine numbers must be remembered, they 
are : — 

Digits, 1, 2, 3, 4, 5. 6, 7, 8, 9. 
Cubes, 1, 8, 27, 64, 125, 216, 343, 512, 729. 

The cube of 10 is 1000, 99 is 97029, 100 is 1000000, 999 
is 9970029999, 1000 is 100000000, 9999 is 999700029999. 
We observe by the above : — 

1st, that every number of one figure contains 1 to 3 in its cube. 
2nd, ,, „ two „ „ 4 to 6 

3rd, „ „ three „ „ 7 to 9 

4th, „ „ four „ „ 10 to 12 

From this it follows that for every figure in the root those in 
the cube are increased by three, therefore the units of the root 
can only be contained in the three right-hand figures of the cube. 
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the tens of the root in the three following, and so on. For this 
reason, before extracting the cube root of a number, its figures 
are divided by points into periods of three, beginning at the 
units* place 

Hence 3875, 28784, and 462569 have two figures in the cube 

root, and 564802*6, 34697324, and 534601202 have three figures 
in the cube root. 

339. Every number of two or more figures can be divided 
into two quantities. Let a represent the first and b the second 
part of a number of several figures ; .', a+b denote any number 
whatever. 

By cubing (a+b) we have : 

{a+b)^=(a+b)x(a+b)x(a+b)=(a+b)*x{a+b)={a*+iiab 
+b*){a-^b)=a^ + )lxa^xb+axb^-^a^Xb + ilxaxb*-^b*=: 
a»+3xa«x6+3xax6»-f-6». 

Hence we say, the cube of a number of many figures contains 
the cube of the first part (rt*)-|-three times the product of the 
square of the first part by the second (3 x a* x 6) -f- three times 
the product of the first part by the square of the second 
(3 X a X 6«)-f-the cube of the second part [b^). 

To illustrate this law, we shall give two examples. 

Ex. 1. 36»=(30 + 6)»=(30+6)»x(30+6) 
=(30« + 2x30x6-|-6»)(30-|-6) 

= 30»+2x30»x6-|-30x6»-|-30»x6+2x80x6» + 6» 
= 30» + 3x30«x6-|-3x30x6« + 6» 
= 27000-1-16200-1-3240+216 
=46656. 

Ex. 2. 524»=(52O-f-4)»=(520+4)«x(520-h4) 
=(520« -f-2 X 520 X 4-h4«)X (520-h4) 

= 520»-f-2x520»x4-f 520x4«-f-520«x4 + 2x520x4«+4» 
= 520»-|-3x520«x4-f3x520-|-4« 
= 140608000 -f- 3244800 -h 24960 -|- 64 
= 143877824. 

From what has been said with regard to the cube of numbers, 
we can detect at once, by the inspection of the numbers, two 
particulars connected with the extraction of the cube root, viz., 
the number of figures in the root, as well as the first figure of 

it; for instance, v'lo824 has two figures, and the first of it 
is 2. 

V^ 2468947 5 7 has three figures, and the first of it is 6. 
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Now, let us endeavour to explain the operation of the ex- 
traction of the cube root. 

Ex. 1. Let it be required to find v^40522i. 

a b 
406224(70+4 = 74 
343000=ag 

3x«» = 14700) 622-24 

f58800 = 3xa«x6 
3360 = 3xax6« 

62224 



This cube consists of two periods, therefore the root has two 
figures. We find the first part of the cube root to be 70 ; sub- 
tracting 343000 from 405000, the remainder is 62000, and 
with the second period it becomes 62224, which contains three 
times the product of the square of the first part by the second 
+ three times the product of the first part by the square of the 
second -f the cube of the second part. Then dividing 62224 by 
3x70^ = 14700, the quotient is 4, which is the second figure, 
or the second part of the cube root. Lastly, subtract 14700x4 
(3xa«x6)+3x70x42(3xax62)_i_43 (6^)= 58800 +3360 -f 

64 = 62224, and the remainder is 0. 

.-. >J^405224 = 74. The proof is 743 = 406224. 

In practice, it is usual to omit the ciphers of the periods 
following the one from which the root is extracted, so as to 
simplify the work. Thus : 

v^406224( = 74 
343 

147) 62224 

r588 
336 
64 



62224 



Here 3xa^ = 147 is divided into 622, because 3 X a' = 147 
hundreds; and further, 3x^X^^ = 336 is set one place more 
towards the right, or under the tens' place, because 3 x a X A* = 
336 tens; and, lastly, the remaining term ^3 = 64 is set one 
place more towards the right, or imder the units* place. 
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When the second part of a cube root is to be found, it will 
sometimes occur that the quotient is too large ; this arises from 
not taking into account all the parts which are to be subtracted 
when the quotient is determined. 

After what has been said of the extraction of the cube root of 
two figures, it becomes easy to extract the cube root of more 
than two figures. 

If it were required to extract a cube root of three figures the 
two first are found as mentioned, then these are considered aer 
the first part, and the third, which is unknown, as the second 
part of the cube root. 

Ex. 2. It is required to find v^l7173512. 

V^17173512( = 258 
8 =2^ 

3 x2« = 12)9173 

60 =12x6 
150 =3x2x5» 
126 5a 

7tt25 



3x25^ = 1875)1548512 

15000 =1875x8 
4800 =3x25x8« 
512 = 83 

1548512 



Then v^l7173512 = 258. The proof is 2683 = 17173512. 

Ex. 3. The product of three equal factors is 6372785864, 
what are they ? 

To say that a quantity is the product of three equal factors is 
the same as saying that a quantity is the cube of another. There- 
fore a factor will = the cube root of the given quantity. 
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Ex. 3. The product of three equal factors is 6372783864, 
which are they ? 

V'6372783864(=1854 
1 

3 xl« = 3)5372 

24 =3x8 
192 =3x1 X8« 
512 = 8^ 

4832 



3xl8« = 972) 540783 

f4860 =972x5 
1350 =3xl8x5» 
125= 53 

499625 



3xl85« = 102675)41158864 

f 410700 =102675x4 
8800 =3xl85x4« 
64= 4 » 

41158864 



^erefore each of the three factors =1854. The proof of 
which is 18543 = 6372783864. 

340. We shall now show another method of extracting the 
cube root, which is preferable on account of its brevity. 
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We have appended to each line the quantities we have made 
use of before, in order to render the process intelligible, and after 
what has been previously said this needs no explanation. 

Our third example worked after this method is here repre- 
sented : — .... 

6372783864(1854 

I. II. J 

3 5372 

38 304^ 



604 
64 



4832 



972 540783 

545 2725 



99925 
25J 



499625 



102675 41158864 

5554 222 f 6 

10289716 41158864 



If a number be not a perfect cube, its root is extracted ap- 
proximately, by adding as many periods of three ciphers as there 
are decimal figures required in the root. 

Ex. 4. Find 4' 12. 12(2.28 

__8 

12 4000 

62 124 



1324 

4J 



2648 



1452 1352000 

668 5344 

150544 1204352 



147648 



341. After what has been said about the extraction of the 
square root of fractions and the extraction of the cube root of 
numbers, as well as the observations made upon the formation of 
the cube of fractions, no explanation is required to elucidate the 
following cases of the extraction of the cube root of both decimal 
and vulgar fractions. 



CUBE ROOT. 



a27 



Ex. 1. Extract v^ 280.001. 

280.001(6.54214 
216 





108 . 








Ct A fkt\ ■ 


185 ... 


... 925> 

11725 
25 

12675 
78J 


U4UU1 

naatntL 


1954 .... 


• • 

16 




.... 5376000 




1275316 
16J 

1283148 
3924 

12835404 


.... 5 101 '264 


19622 .... 


• • 

14 1 

14 
4, 


• ■ • 
• 


274736000 

256708088 


196261 .... 


J28393292.... 
196261^ 

12839525461 
1- 


18027912000 

12839525461 


1962634 .... 


12839721 
78 

1283980C 


1 7-. 
5(] 

>2-^ 


53. 

153 

I8i3 


5188386629000 

>6 

[6 5135920091344 



52466437656 
Ex. 2. What is the cube root of }? 

*^l=v^.666(.8735 



612 



247 



192 154666 

..1729 ^ 

20929 U6503 

49. 



2613. 



22707 .. 
.... 7839 



26195, 



2278539 
9J 

2286377 
.... 180975 



8163666 
6835617 

1328049666 



22^t)Uou75 1143343375 



18470C291. 
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Instead of reducing J to a decimal, we might have multiplied 
both numerator and denominator by the square of the denomina- 
tor, and the denominator becomes thus a perfect cube ; for 

V3-V 33r9=vp=-i-=— 3-=-®^^^- 

342. EXERCISES. 

1. Find the cubes of 548, 74302, 129458. 

2. Express the cubes of 4, ?j-|, 12|, 3if|. 

3. What are the cubes of .3, 2.006, .004, 34.005 ? 

4. Extract the cube roots of 512, 140608, 11089567. 

6. Determine the cube roots of tIt^, 3J, Iffff, 162t-V/i- 

6. What are the approximate cube roots of 50, .653, 4258, .28, 
.00459, 037, 1587.962, 00000943. 

7. What number is that whose cube root decreased by 3 is equal 
to 14? 

8. In a train of 25 carriages there are 25 persons in each car- 
riage, and each person carries £25, what sum of money do 
these people possess ? 

9. What number is that whose half, third, and fourth, multiplied 
together, the product is 9 ? 

10. Find a number whose third multiplied by its square the pro- 
duct is 1944. 

11. The third part of the cube of a number is 171307467, find 
that number. 

12. When 137 is added to the cube of a number, the sum is 
2334, what is the number ? 

13. What is the contents of a reservoir, 30.44 yards long, 20.21 
yards broad, and 3.4 yards deep? 

14. The product of a number by its square is 4.096, find the 
number. 

15. What is the side of a cubical mound that will be equivalent 
to one which is 288 feet long, 216 feet broad, and 48 feet 
high? 

16. What is the cube root of the square root of 346, correct to 
two decimal places ? 
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17. What is the square root of the cube root of 3261, correct 
to.l? 

18. What is the cube root of the cube root of 421634, correct 
to.l? 



PROPORTIONS. 

343. Two quantities are either equal or unequal to one 
another. In tie latter case, when one is greater than the 
other, we may consider their inequality in two different points 
of view ; we may either inquire how much one of the quantities 
is greater than the other, or how many times the one is con- 
tained in the other. Thus, when I say that between 12 and 
4 the difference is 8, these numbers are considered with regard 
to their difference ; and when I say that 4 is contained three 
times in 12, they are considered with regard to their quotient. 

344. We shall now make a few obser^^ations upon the first 
connexioik When between any two numbers, such as 15 and 
10, the difference is the same as between any two other numbers, 
11 and 6 ; we say that 15 stands to 10 in the same respect as 
11 stands to 6. These four quantities form an arithmetical 
proportion, or an equidifference, which is written thus : 15 — 10= 
11 — 6 ; the first and last terms are called the extremes, and the 
second and third the means. Now, were we to add to each 
difference the sum 10 + 6, or the subtracted parts, the results 
are 15 + 6 and 11 + 10. Therefore, in every arithmetical pro- 
portion, the sum of the extremes is equal to the sum of the means. 
And conversely, if 15 + 6=11 + 10, we have an arithmetical 
proportion : 1 5 — 1 = 1 1 — 6. 

If three members or terms of an equidifference were given, 
the fourth could easily be found, for let the three first terms, 15, 
10, 11 be given find the fourth x. 

'.' X increased by 15 = 10+11, .'. a;=10 + ll — 15 = 6, and 
thus we have the arithmetical proportion 15 — 10 = 11 — 6. 

Hence, if three terms of an arithmetical proportion be given, 
the fourth (if an extreme) will be found by subtracting from 
the sum of tlie means the extreme given ; and if it be a mean, 
by subtracting from the sum of the extremes, the mean given. 

To find X in the following arithmetical proportion : 36 — 21 = 
49— a?. 



^ 



S30 COUBSE OF AmTHXETIC. 

V a?+36=214-49. it follows that a?=21+49 — 36 = 84 ; 

.-. 36—21 = 49—34. 

Likewise, in the arithmetical proportion 35 — 17=« — 8, we 
have ar+17 = 35+8; /. a:=354-8— 17=26, and /. 35-17 
= 26—8. 

K three quantities, as 25, 18, and 11, be in arithmetical 
proportion, then 25 — 18=18— -11 ; hence it follows, from the 
equality between the sum of the me&ns and that of the extremes, 
that 2 X 18=25 + 11, or twice the arithmetical mean, is equal to 
the sum of the extremes ; and .'. the arithmetical mean is equal 

to half their sum, — i — =18. 

2 

345. When we consider how many times one quantity is con- 
tained in another, or what part or parts one is of the other, 
such a relation is called a ratio ; thus the ratio of 6 to 9 is 
written 6:9, or J. These numbers, thus compared, are called 
terms of the ratio, the former being the antecedent and the latter 
the consequent. 

When one antecedent is the same multiple, or part of its 
consequent, as another antecedent is of its consequent. The 
ratios are equal, thus f and y\ are two equal ratios, since % =-if 
= |. The four quantities which form two equal ratios, are said 
to be proportionals, or to determine a geometrical proportion, or 
an equiquotient, which is usually read, 6i3to9as8istol2, 
and written 6:9=8:12, or f =tS- Here 6 and 8 are the ante- 
cedents, and 9 and 12 the consequents; also, 6 and 12 are the 
extremes, and 9 and 8 the means. 

If we were to multiply two equal ratios, f and -j-^^, by 9 x 12, 
the product of the denominators or consequents, we have on one 
part 6x12, and on the other 8x9. Therefore, whenfow' quan- 
tities are proportionals, the product of th£ extremes is equal to the 
product of the means. 

Conversely, if four quantities, 6, 9, 8, 12, are such that 6 
X 12 and 8 x 9 are equal, they are proportionals, 6:9 = 8 : 12, or 
S-=tV Then a proportion maybe formed with the fectors of 
two equal products, the factors of one product being the extremes 
and those of the other the means. 

If the first be to the second as the second to the third, the 
product of the extremes is equal to the square of the means ; 
therefore, the mean proportional, or the geometrical mean, be- 
tween two numbers is the square root of their product. The 
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mean proportional between 3 and 12 is i^3x 12 = 6, /. |=tV 
Conversely, if we have 6«=3x 12, we infer a proportion 3:6= 
6:12. 
If a proportion contains one unknown term, as 6:9 = 8:a?, then 

8x9 = 6xa!, andwefinda:=^2i£=12. .-.6:9 = 8:12. Then 

6 

one of the extremes is found by dividing the product of the 

means by the other extreme, and one of the means is found by 

dividing the product of the extremes by the other mean. 

346 Now, the four terms of a geometrical proportion may 
be transposed in several ways, without altering the proportion. 
The test of all these transformations will be that the product of 
the extremes is equal to that of the means. 



Thus, since 6 : 9 = 8 : 12, or f =tV 

it follows that 6 : 8 = 9 : 12^ ' a^_v. 

or 12:9 = 8:6 
or 12:8 = 9:6 



altemando. 



S — TT» 






or 9 : 6 = 12 : 8 invertendo %=^^, 

or 6—9 : 9 = 8—12 : 12 dividendo t±=5zlH. 

9 12 

or 6+9 : 9 = 8+12 : 12 componendo £±i!=5±l?, 

or 6 : 6T9 = 8 : 8+ri2 convertendo -A. =-,=£_-, 
^ ^ 6 + 9 8+12 

or 6+9 : 6—9 = 8+12 : 8—12 miscendo ?il2=i±iH. 

6—9 8 — 12 

847. The corresponding terms of two or more proportions can 
be multiplied together, and the products will also be in pro- 
portion. 

Thus, if 30 : 15 = 6 : 3, or \% = % ; 
and 2:3=4:6, or #=1; 

30x2 6x4 



.-.30x2: 15x3 = 6x4:3x6, or 



15x3 3x6 



Therefore, the terms of a proportion may be raised to the 
square, cube, &c. ; and also, the square root, cube root, &c., 
may be extracted, and the results will also be in proportion. 

These properties of proportions are true for all numbers 
whatever. 
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348. In what has been said about the latioe of pioportioii», we 
have considered the quantities as abstract, and ^ ratios were 
likewise abstract ; in the same maimer do we find that the 
ratios of concrete quantities are abstract. 

Thus 5 lbs. : 7 lbs. = 5 : 7, or £1^=4. 

7 lbs. ^ 

12 yds. : 8 yds. = 12 : 8, or li2^= V = i. 

8 yds. 

o dftirs 
6 days : 16 days=6 : 15, or JL.=^^=|. 

15 days 

It is scarcely necessary to mention that the quantities forming 
a ratio must be of the same kind, for it would be too absurd to 
attempt to compare £6 to 12 lbs. of cheese, or 12 gallons of beer 
to 20 days, &c. 

349. EXEBCISES. 

To determine x in the following : — 

1. 72— 7 = 81— ar. 

2. 9f— 7i = 8|— x. 

3. 34f— ar=a:— 46J. 

4. X— 35.5 = 1 6| — X. 

5. 341— a:=ar— 12. 

3f 24i H 

7. 8: 9=46 ;ar. 

8. 36:75 = x:45. 

X 

11. 7.8: 31.3 = 4.84: a-. 

12. .75 :a?=4.5 :.9. 

13. ii=Hli. 

16i X 
14. j:x=J:f 

16. 28^:9H = 8.7:». 
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16. 45.50:. 07 = J :x. 

17. .704: 3.52 = 6.5 :x. 

18.5i^:7i=ii:.. 
63 ^ .64 

19. ^i2ii?: 65.75=?^ :x. 
f .36 

2Q a;x3.5 . .54x3t _ . j2^ 
49 ' 35 5 

21. 47:ixar=}:49. 
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350. It has been shown that numbers connected thus : 

3—8= 8— 13. or 3— 8— 13; 
and 5:10=10 : 20, or 5:10 : 20, 

are in proportion, viz , that the third term bears the same rela- 
tion to the second as the second to the first. We can easily con- 
ceive a fourth term having the same relation to the third as 
the third has to the second ; and also a fifdi term having the 
same relation to the fourth as the fourth has to the third, &c ; 
and the given proportions extended become : — 

3—8—13-18-23—28— 33 — 3^ — 43 — 48 — 53 — 58 
5 : 10 : 20 : 40 : 80 : 160 : 320 : 640 : 1280 : 2560 : 5120 : 10240 

Such continued proportions are termed progresnons ; the first 
row constitutes an arithmetical j/rogreuum, or an equidifferent 
series, and the second a geometrical progression, or an equiquotierU 
series, 

351. Since the terms of a progression may either increase or 
diminish by a common difference or by a common ratio, there 
are increanng and decreasing arithmetical progressions, and in- 
creasing and decreasing geometrical progressions. 

Every increasing series may be converted into a decreasing 
one by inverting the terms, viz«, by making the last term the 
first, &c. 

It is evident that every progression can be supposed continued 
sine fine, for to erery term a huccee^g one may always be 
found. 
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ARITHMETICAL PROGRESSIONS, OR 
EQUIDIFFERENT SERIES. 

352. We have shown that when a series of numbers incFease 
or decrease by the same quantity, those numbers are said to be 
in arithmetical progression. 

Thus 3, 6, 9 12, 15, 18, &c.,or 21, 17, 13, 9, 6. 1,-3,-7, &c. 
It must be observed that any term is composed of the 
preceding term, plus or minus the common difference. For 
instance, 6 consists of the first term 3 and of the common dif- 
ference 3 ; 9 consists of the second term 6 and of the common 
difference 3; similarly, 17 consists of the first term 21, minus 
the common difference 4 ; 13 consists of 17 minus 4, &g, 

353. The natural series of numbers, 1, 2, 3, 4, 5, 6, &c., 
determine an arithmetical progression, the first term of which is 
1, and the common difference 1. 

The even numbers 2, 4, 6, 8, 10, &c., as well as the uneven 
numbers 1, 3, 5.. 7, 9, &c., constitute an arithmetical progression, 
the common difference being 2. 

The series of numbers, 10, 20, 30, 40, &c., form an arithme- 
tical progression, having 10 for its common difference. 

354. From what has been mentioned on the formation of the 
terms of an arithmetical progression, we are enabled to deter- 
mine any term of such a series. For an increasing arithmetical 
progression we have : 

The lstterm=3. 

2nd „ =3 + 3, or 3 + 1x3. or 6. 

3rd „ =3 + 3 + 3, or 3+2x3, or 9. 

4th „ =3 + 3 + 3+3, or 3+3x3, or 12. 

5th „ =3 + 3+3 + 3 + 3, or 3+4x3, or 15. 

6th „ =3 + 3 + 3 + 3 + 3+3. or 3 + 6x3, or 18. 

7th „ =3 + 3 + 3+3+3 + 3 + 3, or 3+6x8, or 21. 

Likewise, for a decreasing series, we have : 

The lstterm=21. 

2nd „ =21—4, or 21— 1 X4, or 17. 

3rd „ =21—4—4, or 21—2 X 4, or 13. 

4th „ =21—4—4—4, or 21—3 X 4, or 9. 

5th „ =21—4 — 4—4—4, or 21—4 x 4, or 5. 

6th „ =21—4—4—4 — 4—4, or 21— 5 x4, or 1. 

7th „ =21— 4— 4— 4— 4— 4— 4, or 21—6x4, or— 3. 



»» 
** 

1) 



ARITHMETICAL PROGRESSIONS. 235 

It follows, then, that any term consists of the first plus or 
minus Taccording as the equidifference is increasing or de- 
creasing) the common difference, multiplied hy the number 
of terms preceding the one required. The seventh term is 
composed of the first plus, or minus six times the common 
difference. 

355. Let us represent the first term of an A.P. by a, and 
the common difference by d, then the increasing series is : 

1st, 2nd, 3rd, 4th. 5th, 6th, 7th nth term. 
a, a+d, a+2d, a+3d, a+4rf, a+bd, a-\-Qd.,,a-\-{n — l)d. 

And the decreasing series is : 

1st, 2nd, 3rd, 4th, 5th, 6th, 7th, nth term. 

a, a — dj a — 2d, a — 3(1, a — 4d, a — 5(1, a — Qd,..a — [n — l)d. 

Which increasing and decreasing series may be thus written : 

1st, 2nd, 3rd, 4th, 5th, 6th, 7th, nth term, 
a, a-\-d, a-\-^d, a±_Sd, a±id, a+_5c?, a+M,,,a-{-(n — l)d. 

Where it is seen that any term is found by adding to or 
subtracting from the first term, the common difference, multi- 
plied by tiie number of terms which denote the place in the 
series, minus 1. 

356 HI stands for the last or nth term of a series, then 

l=a^{n — l)d, 

Ex. Let the first term of an increasing series be 4, and the 
common difference 5, then the 24th term of the A.P. = 4+ 
23x5 = 119. The 50th term=4 +49x5 = 249. 

Or, if in a decreasing A.P. the first term be 248, and the 
common difference 2, then the 13th term =248 — 12x2 = 224. 
The hundredth term = 248—99 x 2 = 50. 

357. Li the expression l=a-\-{n — l)d, which represents the 
nth term of an A.P., let us subtract a from each side of the sign 
of equality of the increasing series, then : 

l=a-\-{n — l)d, 

— H — -, and then dividing these equal remainders by 

I — a=[n — l)d 

(n — 1) we have =d. 

^ ^ n— 1 

Hence the common difference is equal to the last term, minus 

the first, divided by the number of terms, minus 1. 
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This is evident, since the last term consists of the sum of the 
first tenn, and a certain numher of times the common difference ; 
I — a, expresses that certain number of times the common differ- 
ence, and this remainder being divided by the number the com- 
mon difference is multiplied by, the quotient is necessarily the 
common difference. 

Again, if in a decreasing progression we have l=a — (n — 1) d, 
adding to each side of the sign of equality [n — i) d, then (n — 1) d 
-\-l=a, from which I being subtracted from these equal sums, we 
have (n — \) d=a — Z, and dividing these equal remainders by 

(w — 1), it is found that d—- 

n — 1 

Here the common difference is equal to the first term minus 
the last, divided by the number of terms minus 1. 

Example 1. Suppose an A.P. of 14 terms, in which the first 
term a =3, and the last Z=55, it is required to find the common 
difference d, 

55^3 52 

"^-14—1" 13-^' 
and the A.P. is 3. 7, 11, 15, 19 55. 

Ex. 2. What is the common difference of a series consisting of 
10 terms, the first term is 11 and the last 4 ? 

31—4 7 

'^-lO— 1~9 
and the equi-difference is 11, 10|, 4^, 8f, 7J 4. • 

358. In a similar manner do we determine n, the number of 
terms, by means of a, the first term, I the last, and d the common 
difference. 

As before, l=a+{n — 1) d. 

Let a be subtracted from each side of the sign of equality, 
then I — a=(?i — 1) d, dividing both equal remainders by d, it fol- 
lows that — — =n — 1^ and adding 1 to both equal quantities, we 

have \-\ — II- =n. 
d 

Hence the number of terms is foimd by dividing the last term, 
minus the first, by the common difference and adding 1 to the quo- 
tient. For taking away the first term from the last, the remainder 
is the common difference multiplied by a certain number, which 
being divided by the common difference, the quotient is the 
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number by which the common difference was multiplied ; this 
number is 1 less than the number of terms, therefore 1 must be 
added to the quotient. 

For a decreasing A. P. we have: l=a — [n — I) d, adding to 
both sides of the sign of equality (n — 1) d. 

/. l+{n — 1) d = a, substracting from both sides of the sign of 
equality I, we have (n — 1) d = a — /, which being divided by d, 

gives n — 1 = , and adding to both sides 1, 

a — I , , 
/. n = -__+l. 

a 
Hence the number of terms is found, <fec. 

359. If we were to subtract (n — 1) d from both sides of Z=a 
+(n — 1) d, we have I — (n — 1) d = a. 

Therefore the first term of an A. P. = the last term, minus the 
product, of the common difference and the number of terms less 1 . 

This truth is rendered evident when we consider that the last 
term consists of two parts, the first term and the product of the 
a)mmon difference and the number of terms minus 1 ; then sub- 
tracting the second part, the remainder is the first term. 

When the A.P. is decreasing, we have : 
i=a — (n — 1) d, and adding(n — l)dto each side, l+(n — 1) ^=0, 

Hence the first term is found, &c» 

Example 1. The last term is 53, the common difference 3, 
and the number of terms 1 8 Required the first term. 

a = 53— (18— 1)3 = 2. 

Ex. 2. The last term of an A.P. is 5, the common difference 2, 
and the number of terms 52. What is the first term ? 

a=5+(52— 1)2 = 107. 

360. An important case in A.P. is to find the sum of the 
terms ; the operation of adding all the successive terms together 
would be very tedious ; we shall now determine a method by 
means of which the sum of the terms of any A.P. can at once be 
found. 

Let it be required to ascertain the sum of the terms of the 
foUovdng A.P. : — 

3, 7, 11, 15, 19, 23, 27, 31, 35, 39. 
In order to determine the sum of the terms, let us write the 
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progression, both as an increasing and decreasing series, set- 
ting the terms in order, and adding together the corresponding 
ones, as follows : — 

Increasing series... 3, 7, 11, 15, 19, 23, 27, 31, 35, 39. 
Decreasing series. . . 39,35,31, 27, 23, 19, 15, 11, 7, 3. 

42, 42, 42, 42, 42, 42, 42, 42, 42, 42, 

We obtain every term 42, as the sum of two terms, and this sum 

is repeated as many times as theire are terms in the progression ; 

therefore 10x42 = 420 is the sum of both series, or twice the 

sum of the terms of the proposed progression. Whence the sum 

. J. 10x42 oiA 
reqmred is =210. 

Let us proceed in a similar manner with any A.P. : — 

nrOBEASINa SEBIES. 

o, a+d, a-\-^d, a+3rf, a+4d, a+5d, a+Qdj a+7d. 

DEOBEASINa SEBIES. 

a+7d, a+Qd, a+5rf, a+4d, a-|-3d, a-\-^d, a-\-d, a. 
2a+7d,2a+7fi,2a+7(i,2a+7d,2a+7d,2aH-7rf,2a+7d,2a+7i. 

In the first series every following term increases by dy whilst 
in the second it diminishes by d. The sum of the terms of both 
series is 8 x(2a+7ei), or the number of terms in one progression 
multiplied by the sum of any two corresponding terms ; therefore 

the sum of the proposed series = L^i — !. 

Were we to take the number of terms to be n, we should 

have : 

nroBEAsnra sebies. 
a, a+df a+2d, a+3d...a+(n-2y, a+(»i-l)dl 

DEOBEASINO SEBIES. 

a+{n — l)d, a+{n — ^)d, a-\-{n — 3K a-\-{n—4)d, a+d, a. 

fia+(n—l)d, ^a+[n^l)d, &c .2a+(n — i)d. 

The sum of every two corresponding terms is fia+{n — i)d, 
which quantity being repeated n times, we have, supposing s to 

represent the sum of the terms of one series, 2s=w| ^ — I 

for the sum of both series ; therefore the sum of the terms of any 

series is s=ni — lL^.^IlJzl, From which is derived the 

following rule: 
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The sum of the terms of any A.P. is found by multiplying 
half the sum of the first and last terms by the number of terms 
in the series. 

361. In this progression: 3, 7, 11, 15, 19, 23, 27, 31, 35, 39, 
we may observe that the sum of the first and last term is 42 ; the 
sum of the second and last but one is likewise 42 ; of the third 
and eighth ; of the fourth and seventh, and so on of any two 
terms equally distant from the first and last. 

Also for any arithmetical series ; 

a, a+df a+^df a+Sdj a+4d a+(n-^)d, a4-(w— 3)d, 

aH-(n— 2)rf, a+{n — l)rf. 

The sum of the first and last term is equal to the sum of the 
second and last but one, &c., viz., 2a+(n — l)d. 

The reason of this is manifest from what has been said, for, 
we find the sum of two terms, as just mentioned, to be the same as 
adding together the two corresponding terms of an increasing 
and decreasing series. 

Therefore, if the sum of the first and last terms of a series, 

a+Z, be multiplied by -, half the number of terms, we obtain 

the sum of the terms of the series ; hence g=(a+Q-=- *" ^ = 
j 2a+(n— IV In 2 2 

2 

Ex. 1. In an arithmetical series, the first term a =4, the 
common difference d=6, and the number of terms n=36, find 
the sum s. 

_ {2x4+(36.1)5}36 _(8 + 175)36_,,,^,,_,,,, 
2 2 

Ex. 2. Given the first term a =3, the last term i=36, and the 
number of terms n= 18, to find the sum of the A.P. : 

5=(^±Ml^ = 39x9 = 351. 
2 

362. In the following propositions will be foimd the different 
cases which present themselves in A. P., they are deductions from 
what has been explained : 

1. Given a, d, n, to find Z. Aus. Z=a+(r2 — \)d: 



2. Given a, d, «, to find I. Ans. Z=-— tJ^a/ "^ ( ^ -j 



2- 
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2s 



3. Given a, n, s, to find I, Am. 1= 



g (fi Del 

4. Given d, n, », to find I Am. Z=_+L___ * 

n '4 

5. Given a, d, w, to find 5. Am. s= |-2a+(n— iy|| 

6. Given a, rf, i, to find «. i4w«. s=?iZ_.+?L!lrL 1 

7. Given a, n, i, to find s. Am. 8.={a+tC. 

8. Given d, n, Z, to find s. Am. ».= {2i— {n— iy}|. 

7 

9. Given a, n, I, to find ci. -4ws. d= -. 

n — i 

/> J J >« J 2(« — «'*) 

10. Given a, n, s, to find d. Am. rf=— J -• . 

11 . Given a, h », to find d. Am. d= ^ 'J'^' ; 1 

2* — I — a 

12. Given n, I, «, to find d. Am. d= i2 — i. 

n(n — I 

13. Given a, ci, i, to find n. i4n». n=lH----— • 

14. Given a, d, s, to find n. A. n=^+ ^/^^(H^) * 

15. Given a, Z, «, to find w. ^tw. n=-i— =-. 

16. Given rf, Z, «, to find n. ^. n=:^±^/(^^yO: 

17. Given e?, w, Z, to find a. ^n«. a=l — (w — ly. 

8 71— 

19. Given cZ, Z, s, to find a. Am. a=-+ ^Z TZ" 

20. Given w, Z, «, to find a. Ans. a= — 



2£ 

d 



18. Given d, n, «, to find a. Am. a=— a . 
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363. EXERCISES. 

1. A debt was discharged by forty weekly payments in A.P., the 
first payment was £3 and the last £40. What is the common 
difference and the amount of the debt ? 

2. A gentleman bought a horse upon this condition, that for the 
first nail in its shoes he should pay 6d., for the second lOd., 
for the third 14d., and so on for every succeeding nail. Now 
the number of nails being 32, find the price of the horse. 

3. A person travelled from Worksop to London, the distance 
being 148 miles. The first day he went 12 miles, and the 
last he went 25 miles, increasing his speed regularly every 
day. How long was he on his journey ? 

4. Suppose 100 stones were placed in a right line, a yard asunder 
and the first a yard from a basket, what distance will a man 
have travelled after he has brought them one by one to the 
basket ? 

. 5. Two persons, A and B, travel to meet each other. A goes at 
the uniform rate of 10 miles per hour. B goes 6 miles the 
first hour, and increases his speed 1 mile every hour. When 
they meet it is found that both have travelled the same dis- 
tance. How many hours were they travelling, and how far 
wersi the two starting places from each other ? 

6. A workman served his master for 18 years. For the first year 
he received £20, and every successive year his salary was 
raised £3. What was the amount of his wages, and what did 
he receive for the last year ? 

7. What is the sum of all the numbers from 1 to 1000, both 
included ? 

8. A body falling in vacuo descends in the first second of time 
through a space of 16-i^ feet, and in every successive second 
through 32 J feet more. Through what space would it fall in 
40 seconds, and how much would it descend the last second ? 

9. It is required to find eight arithmetical means between 1 
and U? 

10. Twelve points being taken on the circumference of a circle, 
it is required to determine the greatest number of straight 
lines by which these points can be connected. 

11. A carter takes 56 loads of stones, which are unloaded in &8 
many heaps, equally distant from each other, on a road 1 1 20 

17 
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yards in length, the first heap is 250 yards from the quarry. 
What is the distance gone over by the carter in the per- 
formance of this undertaking ? 



GEOMETKICAL PKOGRESSION, OR 
EQUIQUOTIENT SERIES. 

364. A series of numbers, the terms of which are continually 
increased or diminished by a multiplication or a division, is said 
to be in geometrical progression. Thus : 

1 6 26 126 626 3125 15626 78126, &c. 

4096 1024 256 64 16 4 1 J ^V sV» &c. 

The first series being an increasing and the second a decreasing 
G.P. The terms of the former series are found by multiplying 
successively by 5, and those of the latter by dividing successively 
by 4. This constant multiplier or divisor is termed the ratio. 

If it be noticed that every term is deduced from the preceding 
one by multiplying it by the ratio, these progressions might be 
put under the form of: 

1,1X5, lx5«, 1x53, 1x54, 1x56, lx5«, 1x5', &c. 

1X46, 1x4*, 1x44, lx4S lx4», lx4S 1, 1, JL, JL, &c. 

4 4* 4* 

Or if the first term be expressed by a, the ratio by r, the number 
of terms by n, the geometrical series is represented thus : 

let term 2nd 3rd 4th 5th 6th 7th 8th nth 

a, ar^ ar^, ar^, ar*, ar^, ar^, ar^ ..ar*«^i- 

Here is plainly exhibited how any term of a G.P. is found by 
means of the first term and the ratio, viz., every term is the pro- 
duct of the first term by the ratio raised to the power of the 
number of terms less one. Thus the sixth term is the product 
of the first and of the ratio raised to the fifth power ; the twelfth 
term is the product of the first by the ratio raised to the eleventh 
power ; the last term, when the number of terms of the series is 
n, is the product of the first term by the ratio raised to the (n-l) 
power. 

Suppose I to express the last term, then : Z=ar"— i- 

365. An important case in GP. is to determine the sum of 
the terms of the series. For this purpose let the terms of tie 
G.P. be : 
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1, 5, 25, 125, 625, 3125, 15625, Ac. 

Mnltipljiiig bj the ratio 5, we obtain : 

5, 25, 125, 625, 3125, 15625, 78125, &c. 

Subtractiiig the first series from the second, there remains 
78125—1, which is equal to foor times the sum of the terms of 
the proposed series, or to 4« (t representing the sum of the 
terms of the given G.P.) 

4 4 

The same reasoning will apply to any other series, thns : 

a, or, or*, ar*f ar*,ar* or**""*, ar*^~"*; nraltiplying by r, 

or, ar*f ar*^ ar*, ar* ai-**"*, ar^^^^, of. 

And the first series being taken from the second, leaves : 

9r — r = j(r — 1 ) = ar^—a. 

Now, dividing each side of this equality by (r — 1), there 
remains : 

_ ar» — a _ cif^ — 1) 

r— 1 r— 1 

Hence the sum of the terms of any geometrical series may be 
foond by multiplying the first term by the ratio raised to the 
power of the nuni^er of terms, anid dividing the difference 
between this product, and the first term by the ratio, less 1. 

366. The sevaal cases which may offer themselves in G.P. 
are presetted in the following table ; they are deductions from 
what has been investigated : 

1. Given a, r, », to find I. Ans. l=zar^^, 

2. Given a, r, «, to find L Ans. ^= ^^" ZJl-. 

r 

3. Given a, n, «, to find I. Ans, li^ — If^^ =a(# — a)»-*. 

4. Given r, n, i, to find L Ans. /=i!r" ^ 



6. Given a, r, », to find «. Ans. %=^ — ZZ-J. 

r — 1 

6. Given a, r, i, to find i. Ans, f = 

r — J 
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n If 

In — i«_fli» — 1 

7. Given a, n, L to find ». Ans. s=- • 

i__ 1 

Z»— 1 a*— 1 

8. Given r, n, i, to find s, Ans. .<?= ^ ^/ 

(r — l)r»-i 

9. Given r, n, /, to find a. Ans. a= . 

y«— 1 

10. Given r, n, s, to find a. Ans. a = ^^ j£. 

7^ — 1 

11. Given r, /, s, to find a. Ans. a=rl — (r — 1)». 

12. Given n, /, s, to find a. Ans. a(s — a)'^i = ^s — /)•— » 



13. Given a, n, /, to find r. Ans. r= (i\ 



!• 



14. Given a, n, «, to find r. Ans. r» — i 



rs a — $ 



15. Given a, /, s, to find r. Ans. r= 



a a 
s — a 



16. Given n, /, s, to find r. Ans. r» + 



s — /* 



/ — s Is ' 



17. Given c, r, /, to find n. Ans. n=-25_ 5 — +1. 

logr 

18. Given a, r, ., to find n. Ans. .^ log{<^-l)+^}-loK « 

log12 

19. Given a, /, «, to find n. Ans. w= 1+r — - — ?— — r-5 

log (5 — a)— log(« — /)• 

20. Given r, Z,., to find n. Ans. n=1^5izi2§i±±i:l}li+l. 

logr 

367. Ex. 1. The first term of a G.P. is 1, the last 128, and the 
sum 255. Find the ratio. 

It follows thatr=i=?=-?^5ziL=?^=2. 

s—l 255—128 127 

Kx. 2. What IS the twelfth term of a G.P., if the first be 4, 
and the ratio 2, 
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We have: /=ar»-i =4 xS^* =8192. 

Ex. 3. What is the sum of this series : IJ, 2 J, 3f , &c., to 
10 terms? 

Herer=?l = ? . ,_ «(r--l) ^ lK(l)^°-l) _ 3|a)'°— if 
2i U " r—l I — i 1 

169.995. 

Ex. 4. The first term of a G.P. is 1, the last 65536, and the 
ratio 4. Find the sum of the series. 

We have : .=I^i:?-=l2i?i^2^=l = 87380. 

r—l 4—1 

Ex. 5. The sum of 12 terms of the series 64, 16, 4, &c., is 
required, 

Herer=i. .-. ,^«(^-l)^ 64(a)^«-l) ^1!(1=±1)_ 

r—i i— 1 41./A— *\ 



43(4i»_i)^4i»_l 



'•(^) 



85.333328. 



411(4—1) 48x3 

Ex. 6. Insert five geometrical means, between 7 and 448. 
By the question, a =7, /=448, n=2 + 5 = 7. 

Then the five means are : 14, 28, 56, 112, and 224. 

Ex. 7. Find the sum of the series ■j?^, y^^, -xj^oxfj &c., ad 
infinitum. 



Here we have to use the expression s= — IH^ ; but it must 

r — 1 

be observed that the number of terms n being without limit, 

and r a proper fraction, the value r* or ar», the last term of the 

series becomes less than any quantity that can be assigned, 

and,' therefore, may be considered as nothing ; and the value 

or — , becomes — or This quan- 

r — 1 r — 1 r — 1 r — 1 1 — r 

tity is the limit to which the sum of the terms converges, and is 

the true expression of the sum of the terms of a series, continued 

sine fine. Hence 8= =— 1£_-= j or ^. 

A question, comprising this example, might be worded thus : 
if a body were propelled by a force which moved it -j^ of a mile 
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in the first second of time, y^^ of a mile in the second, t At^ of 
a mile in the third, &c., for ever, it would only move i of a nule 
during all eternity. 

3^8. These infinite series are applied with advantage to the 
reduction of circulating decimals. 

Ex. 1, Required the vulgar fraction which is equivalent to .S. 

This decimal may he represented hy the geometrical series 

.3, .03, .003, &c.; hence .3= '^ - = t=i. 

Ex. 2. Find the value of .32. 

Here the series is —, ^, !i_, &c : then a=ii., r= L. 

10» 10^' 106 lOa 10» 

32 

Therefore, .32=_HL^32 

1 1_ 99' 

Ex. 3. Find the value of the infinite decimal .5185. 
The series of fractions representing the value of the decimal are 
^^+the G.P. T^^^, TniMymy* &c. ; and the sum of the G.P. is 

,- TTfifeTT , 85 ,85 

l_^j^ 10000—100 9900 

. . 51 85 _ 5049 + 85 _U^^^^v 

.. .5l85=YQQ[+ggQQ ggQQ 27 ^* 

369* BXEBOISBS. 

1. What would the price of a horse be, which is sold at 1 
farthing for the first nail, 2 for the second, 4 for the third, 
&c., allowing 8 nails in each shoe ? 

2. Sessa, an Indian, having first discovered the game of 
chess, showed it to his Prince, Sheram, who was so delighted 
with the invention that he bid him ask what he would require 
as a reward for his ingenuity ; upon which Sessa requested 
that he might be allowed one grain of wheat for the first 
square, two for the second, four for the third, &c., doubling 
continually to 64, the whole number of squares. Now, sup- 
posing a pint to contain 7680 of these grains, it is required to 
find what number of ships, each carrying 1000 tons burden, 
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might be freighted with the produce, allowing 40 bushels 
to a ton; also what would be the value of the com, at £1. 
78. 6d. per quarter. 

3. A puts 6d. into a lottery, which being lost, he risks now 
Is. 6d., this being likewise lost, he risks 4s. 6d. ; now this 
process he repeated 1 1 times. How much must he win to 
recover all that he risked ? 

4. A charitable person gave alms to 10 poor people, each received 
twice as much as the one preceding ; the tenth got £il. 48. 
What did the first receive, and how much was distributed 
altogether ? 

6. A ball is discharged by a force which carries it 10 miles in 
the first minute, 9 miles in the second, and so on, in the ratio 
of ^ for ever. What distance would it go ? 

6. Required the value of the circulating decimal .7. 

7. Find the sum of the series i, J^, J, &c., ad infinitum, 

8. Find the value of .956. 

9. What debt can be discharged in a year by monthly payments, 
giving 4s. 2d. the first month, and three times as much every 
succeeding month ? 

370. An important application of G.P. is seen in the computa- 
tion of compound interest (See Art 283.). Let p represent 
any principal, B the rate per cent. ; then the interest at the end 

R 
of first year is p x , and the amount at the end of that time 

^ 100 

is «+'?—-=«( — ~— ) let this quantity =»' ; the interest at 
^100 '^V 100 y ^ J r » 

R 
the end of second year is »' x , and the amount at that time 

^ ^ 100 

^"^100 ^ V 100 y ^V 100 / V 100 / 

pf — ■ "t j , which quantity let p" represent; the interest at 

R 

the end of the third year is p" x , and the amount at that 

100 

time =p"+£^^p"(]22±3)=p(m+3yx(m+3)= 

■^ ^ 100 ^ y. 100 J ^\ 100 / V 100 J 



948 C0UB8E OF ARITHXETIC. 



f — TT—- j » ^^ *^ qnantity =/>'"; the interest at the end of 



R R 

the fourth'year is p'" and the amount ihen=p"'-\-p"* 



100 -r .^ j^^ 

„, /^ 100+R ^ _;?/^ 100-fR ^ y /100+Rx » _j? /100-hR\ * 

^ V 100 >' ^ 100 ^^loiT) " v'Too^/ * 

Suppose ihe quantity — -i— = r, the principal = a, the 

amount of the given principal =/, and the number of years n : 
therefore l=ar*, and it follows that a= — ,r*= — or r=fS\m 

log r. 

371. EXERCISES. 

1. What is the amount of £3,600, at 3 per cent, for 80 years, 
compound interest ? 

2. How many years must £6000 be lent, at 6 per cent, compound 
interest to amount to £34461. 4s. ? 

3. At what rate must £1000 be lent so as to amount to £1675 in 
6 years? 



PERMUTATIONS AND COMBINATIONS 

372. If it were required to ascertain how many positions two 
persons, a and b, can take, with regard to their order, we should 
find that a may be on the right of b or on his left ; thus they 
can take two different positions. Also taking two persons out of 
three, a, b, c, we should find that they may be placed, with regard 
to their order, in the following different ways : 

ab, ba, etc, ca, be, cb. 
And if taken all three together, they may be arranged thus : 

abc, acb, btic, bca, cab, cba. 

These different orders in which any number of persons or 
things can be arranged, are called permutations, 

373. The permutations of two things, a and b, are ab, ba, viz., 
1 X 2 or 2. 
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To find the number of permutations of three things a, 6, r, it 
must be observed that a may remain first, while h c change ; thus 
we have ah c, a c h; likewise h and c may remadn first while 
the others change, so we have 1x2x3 = 6 permutations. 

In the permutations of four things, we notice likewise that 
every one thing may be first, while the other three change ; and 
as three things give 1x2x3 permutations, we shall have 1x2 
X 3 X 4, or 24 permutations of four things. 

Similarly with five things ; every one may be first, while the 
four others change. Thus we obtain as the number of permuta- 
tions of five things : 

1x2x3x4x5 or 120. 

The permutations of six things, taken all together, are : 

1x2x3x4x5x6 = 720. 

The law which is here perceived may be generalised thus : 

To find the number of permutations of n things, taken all toge- 
ther, we have Ix2x3x4x [n — 3) (n — 2) (n — l)w for the 

required number. 

Ex. 1. Kequired the number of different ways in which 10 
persons can be placed round a table. 

Ex. 2. How many changes can be rung on 1 2 bells ? and how 
long would they take in ringing once over, supposing 10 changes 
might be rung in a minute, and the year to consist of 365J days. 

Ex. 3. How many difierent ways can the 7 notes in music be 
varied ? 

374. Let us now determine how many permutations can b« 
found out of a certain number of things, by taking two and two, 
three and three together, &c. We shall find that the premuta- 
tions of six things, a, 5, c, rf, e, /, taken two together, are with 

a as first letter ah, ac, ad, ae, of, 
h ** ha, he, hd, he, hf, 

c ** ca, cb, cd, ce, cf, 

and so on ; and the whole number is 6 x 5 = 30. 
When three are taken together : 

ah, as first, gives ahc, ahd, ahe, ahf, 
aCy ** ach, acd, ace, acf, 

ad, " adb, adc, ade, adf. 

Thus every permutation of two letters gives 4 of three letters, and 

as there are 6 x 5 changes of two letters, we have 6x5x4 or 

120 permutations of three letters. 
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If four be taken together : 

a h c as first, gives ahcd, ahcSy abcf, 
a b d ,, ahdCf abdey ohdf. 

Then each permutation of three gives 3 changes, and 6x5x4 
X 3 or 360 expresses the number of permutations of six things, 
four together. 

Similarly the number of permutations of five things out of six 
is 6x5x4x3x2 or 720. 

It follows that if 12 different things be given, out of which 6 
are taken, the number of changes they form is 12x11x10x9 
8x7, or 6652880. 

Then generally the number of permutations of n things, taken 

Two together, are n {n — 1) 

Three " n [n—l) (w— 2) 

Four " n(n— l)(n— 2)(n— 3) 

Five " n (n—l) (w— 2) (w— 3) (w — 4) 

.\p " n (w— 1 ) (w— 2) (w— 3) (71—4) (if— p +1). 

The pupil will do well to express this law in correct language. 

Ex. 1. How many changes can be made by taking 4 digits 
out of the nine ? 

Ex. 2. How many changes can be rung on 6 bells, out 
of 12? 

Ex. 3. How many permutations can be made with 4 letters 
out of the 26 which compose the alphabet ? 

375. We shall now inquire how the permutations decrease, 

when some of the things have the same letter. Suppose two 

letters are given, and both alike, then the two clumges are 

1x2 
reduced to one ; therefore, -, or 1, is equal to the expression 

when both letters are the same. If three letters be alike, the 

six permutations are reduced to one ; therefore, -— , or 1, 

^ ^ 1x2x3 

is the expression of the changes when the three letters are the 

1x2x3x4 
same. For four letters alike, we have: -— — -- — -— , or 1, and 

BO on. 1x2x3x4 

Now, to ascertain the permutations of aaabbc, we have to 
observe that six letters, if they are all different, would give 
1x2x3x4x5x6 changes ; but since a occurs three times, 
these changes must be divided by 1x2x3; also, because b 
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occurs twice, we must divide by 1 x Ji. Hence the required 

number of permutations is 1x^x^x4x5x6 ^^ ^^ 
^ 1x5^x3x1x2 

Let a be repeated p times, b repeated q times, c repeated 
r times, &c., and we shall then have the general expression : 
Ix2x3x jt?xl x2x3x...7Xlx2x3x» ..r ^^^ ^^ 

Ix2x3x4x (/I— 3) (n— 2) (n—l)n ^' 

mutations of any number of letters, when there are p of any sort 
q of another, r of another, (fee. 

Ex. 1* How many permutations can be made of the letters in 
the word commemorate ? 

The whole number of letters is 11; o is repeated twice, 
m three times, and e twice. .'.The permutations are : 

1x2x3x4x5x6x7x8x9x10x11 



1x2x1x2x3x1x2 



= 1663200. 



Ex. 2, How many permutations can be made of 4 oranges, 
4 apples, and 4 pears ? 

Ex. 3. Required the number of permutations that can be 
formed out of the letters of the word ** Disinterestedness." 

Ex. 4. How many different numbers can be made out of the 
following digits : 1223334444? 

376. Now, if instead of finding how many changes and quan- 
tities a, bf c, d, e may undergo, we find the different groups that 
can be formed out of them, so that no two groups consist of the 
same things, we shall determine the combinations of those quan- 
tities. Thus : ab, ac, ad, ae, be, bd, be, cd, ce, de, are the 
combinations of five things, taken two and two 

abc, ahd, abe, acd, ace, ade, bed, bee, bde, ode, are the combina- 
tions of five things, taken three and three. 

abed, abce, abde, acde, bcde, are the combinations of five 
things, taken four £uid four. 

abcde is the only combination of five things taken altogether. 
We have seen that the number of permutations of five things 
taken together is 5x4, and each combination admits of two 

permutations ; therefore, expresses the number of com- 
binations of five things, taken three together. 
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We have already found that n(7i — 1) (n — 2) (n — 3)...(n — p + l) 
express the permutations of n things, taken p and p together ; 
hence the number of combinations of w thii^ taken, also p andp 
together, is : 

n(n — 1) (n— 2) (w-— 3) (n— p+l) 

lX-.^X3x4x .p 

Ex. 1 . In how many ways can four soldiers be taken to mount 
guard from a company of 50 men? 

The number of different guards is evidently the same as the 
number of combinations of 50 things, taken four at a time. 

. 50X49X48X47 ^^3Q3QQ 

Ix 2x 3x 4 
Ex. 2 A groom is ordered to bring 4 horses from a stable 
containing twelve horses, but having forgotten which were 
wanted, he brings 4 taken at random. What chance has he of 
being right ? 

Ex. 3. How many different three-coloured flags can be made 
with the primitive colours, viz., red, orange, yellow, green, blue, 
indigo, and violet ? 

Ex. 4. How many signals m^y be made by a telegraph consist- 
ing of six boards, each making one motion ? 

Ex. 5. There are four companies, in one of which there are 18 
men, in another 20, and in each of the other 24 men. What are 
the combinations that can be made with 4 men, one out of each 
company ? 

In this problem let us establish the principle on which we 
should proceed. If there were two companies containing 1 8 and 
20 men respectively, and every man of one company is combined 
with everv man of the other, the number of combinations is 
evidently the product of the two numbers of men, or 18x20. 
Again if there be another company of 24 men introduced, each 
of these being combined with 18 x 20 combinations, will make 
18x20x24 combinations of three companies, one man being 
taken out of each company. The same method of reasoning 
will be true for any number of companies. Therefore the num- 
ber of combinations required is the product of the numbers which 
express the number of men in each company. If there were the 
same number of men in each company, that number raised to the 
power expressed by the number of companies would be the 
answer. 
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Hence, generally, if n represent the number of companies con- 
taining respectively, p, q, r, &c., men, and one man being taken 
out of each company, the number of combinations is pxqxrx 
&c,, viz. the continued product of the numbers expressing the 
number of men in each company. If there be the same number 
of men in each company, then /?" is the number of combinations. 

Thus in our question the answer is 18x20x24x24 or 
207360. 

Ex. 6. In a school of 106 boys, it is found that 12 of them 
are in room No. 1 ; 16 in room No. 2 ; 18 in room No 3 ; and 
the others are equally divided in rooms Nos. 4, 5, and 6. How 
many ways may 6 pupils be taken, one out of each room ? 

Ex. 7. Required the number of ways in which 8 men, 6 
women, and boys can be taken, so as always to have one out of 
each set ? 

Ex. 8. How many combinations are there in throwing 4 dice ? 

Ex. 9. Find the number of different triangles into which A 
polygon of ]2 sides may be divided by joining the angular 
points. 

Ex. 10. How many different sums may be formed with a sove- 
reign, a half-sovereign, a crown, a half-crown, a shilling, a six- 
pence, a fourpence, and a penny ? 

Ex. 11. How many words can be found, consisting of 3 con- 
sonants and a vowel, from an alphabet which consists of 21 con- 
sonants and 5 vowels ? 

Ex. 12. In a box of figures of animals and riders every figure 
is divided into four parts. Now taking four parts together, viz., 
any head and neck, stomach and legs, hind quarters, and rider, 
they form a complete figure. There are 12 sets. Find the 
number of combinations. 



LOGARITHMS. 

377. If there be written the natural series of numbers which 
form an arithmetical progression, the difference of which is 1 ; 
and also different geometrical progressions, the ratio being 2, 3, 

4. 5, &c 10, &c, ; and placing these series under one 

another, as foUows, 
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EATIO 2. 

0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, Ac. 

1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, &c. 
20,21, 2«, 28, 2*, 2\ 2«, 2', 2®, 2^, 2*0^ &c. 

BATIO 3. 

1, 3, 9, 27, 81, 243, 829, 2187,6561, 19683, 59067,&c. 
3o,3S3«,3», 3*, 3« 3«, 3', 3^, 3^, 3io,&c. 

BATIO 4. 

1, 4. 16,64,256,1024,4096,16384,65536,262144,1048576,, 
4o,4^4^4^ 4*, 4*, 4«, 4', 48, 49, 410, &c. 

&c. &c. &c. 

BATIO 10. 

1, 10, 100, 1000, 10000, &c. &c. &c. &c. 
10o,10M02, 103, 104, 106, 106, 107, 108, low, 1010, &c. 

&c, &c. &c. 

the terms of the arithmetical series, or the indices of the 
geometrical progressions, are called the Logarithms of the 
corresponding terms of the geometrical series. The terms 
of the arithmetical series, with the corresponding terms of each 
geometrical series, form a System of Logarithms^ and the ratio 

2, 3, 4, &C....10, &c., is called the base of the system of 
logarithms. 

In the preceding series, it is observed that the numbers 1, 2, 

3, 4, &c., Tyhich are the terms of the arithmetical series, or the 
indices of the geometrical series, correspond to different numbers, 
according as the base is 2, 3, 4, &c, ; for instance, 5 corresponds 
to 32 when the base is 2, to 243 when the base is 3, to 1024 
when the base is 4 ; then, the same number may be the 
logarithms of several quantities. Moreover, we notice the same 
number in different series ; for instance, 64 corresponds to 6 
when the base is two, to 3 when the base is 4 ; likewise, 1024 
corresponds to 10 when the base is 2, to 5 when the base is 4 ; 
then, the same number may correspond to different logarithms. 
Hence, in order to ascertain, on one side, which logarithm cor- 
responds to a given number; and on the other side, which 
number corresponds to a given logarithm, it is necessary to 
know the base of the system of logarithms. 

378. If any two terms of the arithmetical series, or any two 
indices, be added up, as 2 + 5 = 7, and the corresponding terms 
of the geometrical series be multiplied by each other, viz., 4 x 
32=128 (when the ratio is 2), this product corresponds to the 
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sum; also 3 + 7 = 10, the corresponding terms (when the ratio 
is 4), are 64x16384=1048576. Hence, the product of two 
terms of the geometrical series is equal to the sum of the 
logarithms of the corresponding terms. 

379. Let us divide two terms of the G.S. by one another ; 
for instance, 19683 by 81 (when the ratio is 3), the quotient is 
243, and subtmct 4, logarithm of 81 from 9, logarithm of 19683, 
the difference is 5, which corresponds to 243, the quotient ; 
also (when the ratio is 4) we have 65536-j- 1024 = 64, and 8 — 5 
= 3, which corresponds to 64. Hence, the quotient of two 
terms of the G.S. is, equal to the difference of the logarithms of 
these terms. 

380. If any term of the A.S., or if any index, as 4, be 
doubled, the result, 8, is the logarithm of 256 (when the ratio is 
2), which is the square of 16 corresponding to 4, the given 
term ; the result 8 is also the logarithm of 6561 (when the ratio 
is 3), which is the square of 81, corresponding to 4, the given 
term. If a term of the A.S., or if an index, as 3, be trebled, 
the result, 9, is the logarithm of 19683 (when the ratio is 3), 
which is the cube of 27, corresponding to 3. Hence, the 
power of any number of the G.S. is formed by multiplying its 
logarithms by its index. 

From this last observation it follows, that if any term of the 
A.S., or if any index, be divided by 2, 3, 4, &c., the 2nd, 3rd, 
4th, &c., root of the corresponding term of the G.S. will be de- 
termined; for example, 8-i-2 = 4, the logarithm of 81 (when 
the ratio is 3), which is the square root of 6561, corresponding 
to 8; likewise, 8-f-4 = 2, the logarithm of 16 (when the ratio 
is 4), which is the fourth root of 65536, corresponding to 8. 

381. These properties enable us to form an idea of the im- 
portance of logarithms in facilitating certain arithmetical opera- 
tions. As the base of the system of logarithms in use the number 
1 has been adopted, as presenting great advantages over every 
other ; then : 

O = log lOo or 1, l = log 101 or 10, 2=log 10» or 100 
3=log 103 or 1000, 4=log 10* or 10000, 5=log 10^ or 100000 
6 = log 10 « or 1000000, &c. 

It follows from this that the logarithms of the numbers 10, 
100, 1000, 10000, &c., are alone whole numbers ; the logarithm 
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of a quantity between 1 and 10 will be between and 1, or a 
fraction ; that of a quantity between 10 and 100 will be between 
1 and 2, or 1+a fraction; that of a quantity between 100 and 
1000 will be between 2 and 3, or 2 -|- a fraction, and so on. 

382. Suppose, now, it were required to find the logarithm of 
5. Since 5 is between 1 and 10, find a geometric mean x of 1 
and 10 (§345), then x= v'10 = 3.1622776; also an arithmetical 
mean X of and 1 (§344); then X=^ or .5, which is evidently 

the log of -/lO, since log v'10=l2iii!=i. 

Because 5 is between 3. 162... and 10, find the geometric mean 
of 3. 162... and 10, and the arithmetic mean of .5 and 1. Then 



1.5 



x= v'31.622766, or 5.623. and X = J^=.75. Therefore, .75 

2 

is the logarithm of 5.623. 

Because 5 is between 3.162 and 5. 623... continuing the same 

process upon these and other numbers, we shall at last find two 

quantities differing as little as possible from 5 ; and there will 

not be any sensible error in taking 5 for one geometric mean, 

and the corresponding arithmetic mean is the logarithm of 5. 

Thus, by similar operations, we shall determine the logarithm of 

every quantity. 

We may remark that it would only be necessary to calculate 
the logarithms of prime numbers, for ike logarithms of muUivles 
can be found by their factors. 

Having shown a method for finding the logarithms of all 
numbers, the residts form a Table of Logarithms. 

383. A logarithm consists of two parts, one on the left of the 
decimal point, called the characteristic, and the other, on the 
right, called the mantissa. It must be observed, that the cha- 
racteristic contains as many units, but one, as there are figures 
in the corresponding number. 

884. We owe the invention of logarithms to John Napier, a 
Scotch nobleman, bom in 1550 ; but to Briggs, professor of 
geometry at Oxford, we are indebted for many improvements : 
he published the first table of logarithms, in 1624. 

With regard to the directions for using the tables, every neces- 
sary information will be found in the introduction accompanying 
the Tables of Logarithms. We shall, therefore, suppose eveiy 
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stadent familiarized with the manner of fiuiding the logarithms 
of any given numher ; and conversely, of fiuiding the number 
corresponding to any given logarithms. 

385. Here are some applications : 

Ex. 1. What is the product of 564 and 792 ? 

We have: log 564 = 2.7512791 
log 792 = 2.8987252 

log of product= 5.6500043 
.-. product =446688. 

Ex. 2. Find the quotient of 37812 and 454. 

log 37812 = 4.5776296 
log 454 = 2.6570559 

.-.log of quotient= 1.9205737 
.*. quotient =83.287. 

Ex. 8. Determine by logarithms the value of the expression 
64.6 X 1 .764 

6.72 

log 54.6 = 1.7371926 

log 1.764 = 0.2464986 

—log 6.72 = 0.8273698 

.-.log of an8wer= 1.1563219 
.'. an8wer= 14.3325. 

Ex. 4. Find 2*. 

log 2*=lgg-g= Q-^^^Q^Q^ = 1.25992L 
^33 

Ex. 5. What is the value of G)^*? 

log f-) ' * = 15(log 6— log 5)= 16x0.07918126 =log 1.1877187 
^^ =15.407. 

Ex. 6. £24. 128. 6d.x(3.66)^ 
log £24. 12s. 6d.=log 24.625 = 1.3913762 
log (3.56)^=4 log 3.56 = 2.2068000 

log of answer =3.5971762 
.-. answer=£3965.271=£3965. 58. 5id. nearly. 

Ex. 7. What is the amount of £1210, left unpaid for 54 years 
6 months, at 3^^ per cent, per annum, C.I. ? 

18 
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The amoiint=12l0 /"i^V** 

V 100 ^ 

:, log a=log 1210 + 54.5 xlog 1.035=log 3.8970318. 

.-. amount=£7889.18 = de7889. 38. 7d. 

Ex. 8. In how many years will a principal douhle itself, at 3 
per cent, per annum, C.I. ? 
Here 2 P=P(1.03)». 
.-. 2=(1.03)». 
.-. nlog 1.03= log 2. 

/. n=--?§ — =--^ =23.53 years nearly. 

log 1.03 0.0128372 ^ ^ 

386. EXERCISES. 

1. Determine a mean proportional hetween 64.5 and .73. 

What will £1000 amoxmt to in 64 years, at 4 per cent, per 
annum, C.I. ? 

3. In what time, at C.I., reckoning 4^ per cent, per annum, 
will £100 amount to £1000 ? 

4. At what rate per cent, per annum will £400 amount to 
£1600. 12s. 6d., in 12 years, C.I. ? 

6. Find the value of the expression v^(564)' ; also of ( — j*. 



PART VII. 




APPLICATION OF ARITHMETIC TO GEOMETRY, 

OR MENSURATION. 

387. Generally speaking a Body is anything that can be seen, 
touched, or weighed. 

Bodies are either solid, liquid, or gaseous ; metals, stones, wood 
are solid bodies ; water, wine, &c., are liquid bodies, and lastly, 
the atmosphere, lighting gas, &c., are gaseous bodies. 

A body cannot exist without occupying a 
part of space ; or a body has three dimensions, 
length, breadth, and thickness or depth. Thus, 
^ in the accompanying diagram, A B is the 
length, B E the breadth, and A C the thick- 
ness. 

388. The content^ volume or solidity of a body is the part of 
Bpace which it occupies ; the boundaries or limits of a body are its 

fctces, or its surface. 

Surfaces may be plane like the front of a house, the top of a 
table, a mirror, &c., and curved as in a ball, a turnip, &c., there 
are also mixed surfaces, composed of plane and curved surfaces. 
It must be observed that no account is taken of thickness when 
speaking of surfaces. 

The boundaries or limits of surfaces are lines, the right or 
straight line is represented by the edge of a well made ruler, the 
direction of a thread at the end of which is hung a heavy body ; 
the curved line, of which we have representations in the circum 
ference of a circle, the edge of a basin, &c., when a line is partly 
straight and partly curved it is said to be mixed ; then we may 
consider lines without having regard to the surface. The place 
of intersection or of meeting of two or more lines, is called a 
pointy thus we may speak of a point independently of the lines. 
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389. The distance between two ])oints is measured by the 
straight line which connects them, for it is the shortest path 
between them. 

390. An angle is the inclination of two lines, which meet, the 
point of meeting is called the vextex of the angle. 

When one straight line meeting another straight line, makes 
with it two angles, which may be equal or unequal, in the first 
case, the lines are vertical to one another, and the equal angles 
are said to be rights in the second, when the lines are oblique to 
one another, the angle which is less than a right angle is called 
acute, and that which is greater obtme. 

391. The distance from a point to a line is measured by the 
vertical line drawn from the point to the line. 

Two lines are parallel when they are everywhere equidistant. 
The vertical line which joins the parallels is their true or shortest 
distance. 

392. By polygon is meant a plain surface, enclosed by right 
lines, which are called the tides of the polygon. 

The simplest of all polygons is the triangle, or trigon, having 
three angles and three sides. A triangle is right-angled, obtuse- 
angled, or acute-angled, as one of its angles is right, obtuse, or all 
three acute. It is also equilateral, when the three sides are equal 
to one another ; isosceles, when only two sides are equal ; and 
scalene, when all three are unequal. 

A quadrilateral, or tetragon, is a polygon of four sides and 
four angles. 

A pentagon, a figure of five sides and five angles. 

A hexagon, a figure of six sides and six angles. 

A heptagon, a figure of seven sides and seven angles. 

An octagon, a figure of eight sides and eight angles, &c. 

If the sides of a polygon be equal, as also the angles, or if a 
polygon be equilateral and equiangular, it is called a regular 
polygon, 

A quadrilateral, with the opposite sides parallel, is called 
parallelogram, A parallelogram, which has four equal sides, and 
its angles right, is called a square. 

A parallelogram, which has four equal sides, and its angles 
oblique, is called a rhombus, 

A parallelogram, with two pairs of equal sides, and its angles 
right, is called a rectangle. 
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A parallelogram with two pairs of equal sides and its angles 
oblique is called a rhomboid. 

A four-sided figure with only one pair of parallel sides is called 
a trapezoid. 

A four-sided figure with no parallel sides is called a trapezium. 

393. The simplest of curves is the circumference^ of which 
every point is equally distant from the centre. The circle is the 
sur&ce contained within the circumference. 

Any line drawn from the centre to the circumference is called 
radiWt and a line drawn through the centre and terminated 
at the circumference is called the diameter, therefore a diameter 
is composed of two radii. All diameters of the same circle are 
equal to one another. 

Every circumference of the circle is supposed divided into 360 
parts, called degrees, the degree into 60 minutes, the minute into 
60 seconds, &c. 

An arc is a part of the circumference, and the right line join- 
ing its extremities is the chord, 

394. To measure the length of a line, we fix upon some unit 
of measure, as an inch, a foot, &c., and this unit is repeated till 
it makes up the line, and the number of times it is contained 
gives the units of length of that line. 

The perimeter of a figure is the sum of its sides. 

395 Every circumference is 3.14159 times its diameter, or 
the ratio of the circumference to the diameter is \* nearly, which 
ratio is generally expressed by ir. 

Therefore to find the circumference multiply the diameter by 
3.14159, or by V in ordinary cases. 

And to find the diameter, divide the circumference by 3.14159 

22 

T 



or by « 8 



396. The unit used to measure angles is the angle of one 
degree. From the vertex of an angle, with any radius, suppose 
an arc described, the number of degrees contained in the arc 
between its sides, indicates the measure of the angle. 

The instrument employed to find this number of degrees is 
called a protractor. 

An angle of 36 degrees, 40 minutes, and 30 seconds, is ex- 
pressed thus : 36** 40' 30". 

The sum of the angle in every triangle is the same as that of 
two right angles, or of 180°. 
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397. EXERCISES. 

1 . What is the perimeter of a triangle, the sides of which are 
35 feet, 28 J feet, and 44 feet 7 inches respectively ? 

2. A rectangular piece of ground, the adjacent sides of which are 
116 feet and 104 feet, is to be surrounded by a ditch; its 
length is required ? 

3. At what rate, per hour, does a horse go, that runs three times 
round a field of a rectangular shape, the adjacent sides of 
which are 960 and 1 118 yards, in 8 minutes and 20 secondsT 

4. What is the circumference of a circular well the diameter of 
which is 5 yards, 2 feet, 8 inches ? 

5. What will be the expense of planting with box a circular 
garden, whose diameter is 7 yards 10 inches, at 2d. per 
yard? 

6. What is the diameter of a piece of water, the circumference of 
which is 124 J yards ? 

7. The radius of the equator is 3962.824 miles, find at what rate 
per hour is any object on the equator carried roimd during the 
earth's rotation in 24 hours ? 

8. The mean distance of the earth from the sun is 96 millions of 
miles, at what rate per hour is the earth carried round the 
sun during its revolution in 365 J days ? 

9. The radius of the equator is 3962:824 miles. What is the 
distance on the equator of two places which are 36° 24' 16" 
apart? 

10. The diameter of a circle is 7.4 feet. Required the number 
of degrees in an arc, whose length is 5.6 feet. 



MENSUEATION OF SUEJFACES. 
398. The unit of superficial measure is a square surface. 



q P 



the length of the side of which is the lineal unit; 
thus a X y be the lineal imit, the square x y pq is 



the superficial unit. 
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399. The surface or area of a rectangle is found by multipljing 
together two adjacent sides ; if one side is 7 feet, 
and the other 5 feet, then 7x5, or 36, expresses 
that the area of the rectangle contains 35 times the 
surface of the square foot, or is 35 square feet. This 



is easily shown by dividing one side of a rectangle into 7 equal 
parts, and the other into 5 ; and by drawing from the points of 
division, lines parallel to the sides, the area contains 7x5 equal 
squares. 

400. The two contiguous sides of a rectangle are its length 
and breadth, and are called its dimensions. The area of a square 
is found by multiplying one side by itself; thus if the side is 12 
yards, the square contains ISxl'^i, or 144 square yards. This 
is evident, for a square is a rectangle whose contiguous sides are 
equal. 

401. To find the area of a parallelogram multiply its length 
by its vertical breadth, or its base by its height. For a paral- 
lelogram has the same area as a rectangle of the same base and 
the same height. 

402. To find the area of a triangle, multiply the base by the 
vertical height, and half the product, will be the area ; any side 
may be taken as the base of the triangle, and its altitude or height 
is the vertical line drawn from the vertex of the opposite angle to 
the side taken as a base, This is evident, since the area of a 
triangle is the half of that of a parallelogram, having the same 
base and the same altitude. 

The area of a triangle is also foimd as follows : 
From half the sum of the three sides, subtract each side sepa- 
rately, multiply this half sum and the three remainders continually 
together, and extract the square root of the product. 

Ex. 1. The base of a triangle is 32.5 feet, and its vertical 
height 18.8 feet. Required the area. 

Here area= — I 1-= 305.6 square feet. 

Ex. 2. If the sides of a triangle are 15.4, 20, and 24 yards, 
find its area. 

Half sum of 6ide8=iM±B0±2i=Bi=29.7. 

S 2 
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l8t remainder =29.7— 16.4=14.3 
2nd remainder =29.7— 20 = 9.7 
8rd remainder=29.7— 24 = 5.7 

.-. Area= ^29.7 x 14.3 x 9.7 x 5.7 = 146.84 square yards. 

403. To find the area of a trapezium : 

Multiply either of the diagonals hy the sum of the verticals 
dia^n to it from the opposite angles, and halve the product. 

Or divide the trapezium into two triangles, and proceed as for 
triangles. 

Ex. ]. Let a diagonal he 65 yards, and the verticals on it 
drawn from the opposite angles 28 and 32^ yards ; what is the 
area of the trapezium ? 

Area = 652<(28 + 32i)^ ^ggg^ ^^^^^ ^^^^ 

404. To find the area of a trapezoid, multiply the sum of the 
parallel sides hy the vertical distance between them, and take 
naif the product. 

Ex 1. Given the parallel sides of a trapezoid, equal 24^ and 
16 J feet, and its breadth, or vertical distance equals 12 feet. 
Find the area. 

Area=l^ii±J^il^=244i square feet. 

406. The area of a polygon, or of any irregular figure, is found 
by dividing it into triangles, or trapeziums, or into both ; the 
areas of these are determined and their sum is the area of the 
polygon. 

406). To find the area of a circle, multiply the circumference 
by the diameter, and take one-fourth of the product. 
Or, multiply the square of the radius by 3.14159. 
Or, multiply the square of the diameter by .785398. 

407. To find the area of a sector, multiply the subtending arc 
by half the radius. 

Or, find the area of the whole circle, multiply it by the 
number of degrees in the arc, and this product, divided by 360'', 
gives the area. 

408. To find the area of an ellipse, i^ultiply the product of 
the two diameters by .785398. 
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Ex. 1. What is the area of a circle, the circumference of 
which is 15 feet, and diameter 4.77 feet? 

Area =^^^^'^^==17.9049 square feet. 

Ex. 2. Find the area of a sector, the radius of which is 50 
and the arc 56'' 30'. 

^^^50>x56-30-x3.14159^,^3^^3,,^ 

360° 

Or, area= ^ x 50 x 3.14159 x 56i x 25 ^ 1232.6377. 

360 

Ex. 3. The diameters of an ellipse are 18 feet and 8 feet; the 
area is required. 

Area= 18 x 8 x .785398= 113.0973 square feet. 

409. EXEBCISES. 

1. Find the area of a rectangular garden, the length of which is 
100 yards, and breadth 84 yards. 

2. If the side of a square table be 4 feet 8 inches, what is its 
area? 

3. How many acres does a triangular field contain, the base of 
which is 1440 yards, and its altitude 960 yards ? 

4. How many paving stones, the surface of each of which is 9 
inches by 5, will be required to pave a street 450 yards long 
and 8 yards broad ? 

5. What is the side of a square, the area of which is the same 
as that of a triangle, and the sides of which are 72.60 and 
56 feet ^ 

6. Find the area of a circle, the diameter of which is 5.6 yards ; 
and the side of a square of equivalent area. 

7. The circumference of a circular pond is 720 yards ; find its 
area. 

8. It is required to find the radius of a circle, of the same area 
as two other circles, the radii of which are, respectively, 5^^ 
and 7.6 yards. 

9. A square is covered with half-crowns, the diameter of which 
is 1.3 inches, and there are 12 on each side. Find tlie vacant 
space between the coins. 



i 
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10. The interior diameter of a building is 56 feet, and the 
thickness of the wall 1 foot 4 inches. Find the surfiEU^ of 
the ground upon which the wall stands. 

11. The areas of an elliptic ceiling are 3*-^ feet 8 inches, and 20 
feet 9 inches. What is its area ? 

1 2. Required, the area of the sector of a circle, the arc and 
radius of which are each 7.4 feet. 
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410. Geometrical bodies are either terminated by plane feces 
or by curved faces ; solid bodies alone maintain their forms, liquid 
and gaseous bodies take the form of the vessels which contain 
them. 

Solid bodies bounded by plane surfaces are called polyhedron, 
they are ; the prism, whose bases are equal and parellel polygons, 
and the lateral faces parallelograms. A prism is said to be 
trigonal, tetragonal, pentagonal, &c., if its bases be triangles, 
tetragons, pentagons, &c. The expressions three-sided, four-sided, 
ftve-sided prism, &c., are sometimes employed 

The altitude of a prism is the distance between its parallel 
bases. 

A prism the bases of which are parallelograms is called par- 
allelepiped; when the lateral faces are vertical to the bases, we 
have instances of right-parallelepipeds, such as a closed box, a 
brick, &c. 

The cube is an example of a right parallelepiped, its six-faces, 
are equal squares. 

A pyramid has for its base a polygon, and for its lateral feces 
triangles, the vertices of which meet in a point called the vertex 
of the pyramid. 

{pyramids are trigonal, tetragonal, pentagonal, &c., if their base 
be a triangle, a tetragon, a pentagon, &c. 

The altitude of a pyramid is the vertical drawn from the vertex 
to the base. 

The cylinder is a prism having circles for its bases, such 
as a garden roller, a round pillar, &c. 

The cone is a pyramid having a circular base, such as a sugar 
loaf. In the right cone the axis is vertical to the centre of the 
base, in all other cases the cone is oblique. 
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A frmtum of a pyramid or a cone, is what remains when the 
top has been taken away, the solid is then said to have been 
truncated 

A sphere is a solid, bounded in every direction by a curved sur- 
face, which is everywhere at the same distance from a certain 
point within it called the centre. 
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411. The lateral surface of a right prism, is equal to the 
product of the perimeter of its base by the altitude. 

The lateral surface of a regular pyramid, is formed by multi- 
plying the perimeter of its base by the altitude of the lateral faces 
and taking half of the product. 

The convex surface of a cylinder, is obtained by multiplying 
the circumference of the base by the altitude. 

The convex surface of a cone, is equal to the product of the 
circumference of the base and half the slant height. 

The convex surface of a truncated cone, is equal to the sum of 
the circumferences of both bases, mutliplied by half the slant 
altitude. 

The surface of a sphere is equal to the convex surface of the 
circumscribing cylinder, or to the product of the square of the 
diameter by 3.1415926. 

The surface of a spherical segment, is equal to the convex sur- 
face of the corresponding portion of the circumscribing cylinder. 
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412. The dimensions of a solid are the lines representing its 
length, breadth, and thickness. 

Tho unit of bodies is a cube the length, breadth, and thick- 
ness of which are each equal to the lineal unit. 

The solidity of a prism, or cylinder, is equal to the product of 
the base by the altitude. 

The contents of a right parallelepiped is found by multiplying 
its three dimensions, or the three edges terminating at the same 
point. 
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The ioUdiiy of a pyramid^ or cone, is equal to the third part 
of the area of the hase multiplied by the altitude. 

The solidity of a frustum of a pyramid, or of a cone, is found 
by adding the area of both bases to four times the area of the 
mean section parallel to the bases ; multiply this sum by the 
altitude, and take one-sixth of the result 

The content of a sphere is equal to the cube of its diameter 
multiplied by .5236, or is equal to two-thirds of the solidity of 
the circumscribing cylinder. 

413. EXAMPLES OF SUPEBFICIAL MEASUBE. 

Ex. I. How many square feet of wood are required to make 
a box, the length of which is 4 feet, depth 3 feet 6 inches, 
and breadth 1 foot 6 inches ? 

Here lateral faces =(8 +3) 3^ = 38^ square feet. 
Base8= 2 X 4 X li = 1 Ji square feet. 
.'. wood required=38i^-|-12=50i^ square feet. 

Ex. 2. What quantity of canvass is required for an octagonal 
tent, each side being 8 feet, and the slant height 10 feet? 

Here 8urfeu^= =320 square feet, or 35j- square 

yards. '^ 

Ex. 3. A cylindrical iron chimney, 5 feet in diameter and 
20 feet high, is made with sheet-iron, 8 feet 6 inches long 
and 1 yard broad. How many sheets were required ? 

Surface of chimney = 5 x 3.1416 x 20 = 314. 16 square feet. 

Surface of each 8heet=8Jx 3 = 25.5 square feet. 

.•.llHi= 12.32 sheets. 
25.5 

Ex. 4, If the diameter of the base of a right cone be .58 
yards, and the distance of the vertex to any point of the cir- 
cumference of the base .92 yard. Find the entire surface of the 
cone. 

A r ^ .58 X 3.1416 X. 92 qqq,. ^ ^_ 
Area of convex surface = = .o3o2 square 

yard nearly. ^ 

Area of base = .68» x .785398 = .2642 square yard. 

/. whole surface =. 8382 -f .2642 = 1.1 square yards nearly. 

Ex. 6. A pail has the shape of a frustum of a cone ; the radii 
of its bases are 1.25 feet and .75 foot, the height of its side 
is .5 yard. Find its convex surface. 
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Here slant surface =^^-^^ + ''^^^^'^^^^^ =4. 1888 square ft. 

1.5 

Ex. 6. If the earth were a sphere 7912 miles in diameter, 

what would be its surface ? 

Surface=7912'x 3.1415926 = 196662892.5123 square miles. 

Ex. 7. The diameter of a sphere is 3 feet 6 inches. What 
is the convex surface of a segment, the height of which is 
9 inches? 

Surface = 3.1416x42x9=1187.5248 square inches. 

414. EXAMPLES OF SOLID MEASURE. 

Ex. 1. How many gallons of distilled water will a cistern 
contain, the length being 8 feet, the breadth 3 feet 6 inches, and 
the depth 4 feet 2 inches ? 

Contents of the cistern is 96 x 42 X 50 = 201600 cubic inches. 

And •/ 277.274 cubic inches =1 gallon, 

.-. 201600 cubic inches = ^!^^i5222ii=727 gaUons nearly. 

277.274 ^ ^ 

Ex. 2. A cylindrical vessel, the base of which is 3 yards in 
circumference, and height 5 yards, is three-quarters full of dis- 
tilled water. The weight of the water is required. 

The diameter of the base=7-r^^7= 11'^ inches. 

.". Surfiace of base= V X ^4^"* = 102.6 square inches. 

•/ The vessel is J full, the water in it = 12152 x 102.6 = 

4 

4617 cubic inches, and .••. 27.7274 cubic inches of distilled water 

weigh lib. 

/. 4617 cubic inches weigh =166.51bs. 

^ 27.7274 

Ex, 3. Required the number of cubic feet of air in a room, 
the length of which is 32 feet, breadth 20 feet 6 inches, and 
height 9 feet 8 inches. 

Content=82x20.5 x 9.6 = 6341.3 cubic feet 

Ex. 4. The sides of the base of a triangular pyramid are 4.5, 
4, 3.5 feet, its altitude is 8.5 feet ; find its solid content. 

Area of base= V'gx 1.5x2x2.5 = ^'''^^® square feet. 
Content=5lI2?iiM= 19.006 cubic feet. 
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Ex. 5. What is the solidity of the frustum of a square 
pyramid, the sides of bases being 8 inches and 6 inches, and the 
altitude 15 inches. 

Here side of middle section =■ "^ .. = 7 inches, 

/. Content= ixl5x(8x8+6x 6+4 x 7 x 7)=740 inches. 

Ex. 6. The diameter of the moon is 2180 miles, find her solid 
content. 

SoUdity=21803 X. 5236 = 5424617475 cubic inches. 

415. EXEBCISES. 

1. The height of the largest pyramid is 477 feet, and a side of 
the base, which is square, is 720 yards ; find its solidity. 

2. Required the content of a bale, the length being 5 feet 
6 inches, breadth 4 feet 4 inches, and thickness 3 feet 8 inches. 

3. How often may a conical glass, 2i inches deep, and li inches 
in diameter at the top, be filled out of an imperial gallon ? 

4. A cistern is 6 feet 4 inches long, 5 feet 6 inches broad, and 
4 feet 8 inches deep, how many gallons of water does it 
contain ? 

5. The interior diameter of a metal pipe is 8 inches, the thick. 

ness of the metal is .6 inch, and the length of the pipe is 35 
yards, how much metal in the pipe ? 

6. How many times would a roller 3 feet 8 inches long and 1 foot 
1 inches in diameter, turn on a walk 84 yards long, and 6 
feet wide, supposing it never to pass twice over the same 
ground? 

7. What length must be cut off from a board 9 inches wide, to 
contain 2 square feet ? 

8. The wheel of a carriage turns round 1640 times a distance of 
4^ miles, what is the diameter 1 

9. What length of a wire, -j^^ of an inch in diameter, may be 
drawn out of a cubic inch of metal ? 

10. A roof, which is 36 feet 9 inches by 16 feet 8 inches, is to 
be covered with lead, at 8i^lbs. per square foot, find the price 
at 14s, per cwt. 

11. What will the diameter of a sphere be, when the solidity and 
superficial area are expressed by the same quantity ? 
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12. The ball on the top of St. Paul's Cathedral is 6 feet in 
diameter, what will the gilding of it cost at 2id. per square 
inch? 

13. How many gallons of water will be required to fill a ditch, 
i mile long, 10 feet deep, 25 feet broad at the top and 18 feet 
at the bottom ? 

14. What is the surface of a sphere, the volume of which is 480 
square yards ? 

15. Express the side of the cube equivalent in solidity to a 
sphere 2.5 feet in diameter. 

16. Knowing that globes are to each other as the cubes of their 
diameters ; if the diameter of the Earth be 1, that of the Sun 
is 109.93, of Mercury .39, of Venus ,97, of Mars .56, of Jupiter 
11.56, of Saturn 9.01, of Uranus 4.20, of Neptune 3.91, of the 
Moon, .27 ; it is required to find the solidity of these bodies, 
the earth's solidity being supposed unity. 

17. The Sun weighs 354936 times as much as the Earth, Jupiter 
332, Saturn lOi, Neptune 29, Uranus 20, Venus .87, Mercury 
.18, Mars .14, and the Moon -^^^i the solidity of these bodies 
being determined by the previous example, find their density 
or their weight under the same bulk. 

18. Supposing the weight of a cubic inch of cast iron weighs 
4.3 oz. avoirdupois, what is the weight of an iron ball of 10.5 
inches diameter. 



TO FIND THE MAGNITUDE AND THE WEIGHT OF 
A BODY BY ITS SPECIFIC GEAVITY. 

416 When solids are too irregular to admit of the application 
of the rules of mensuration, we can find the content and also the 
weight by reference to their specific gravity. 

The specific gravity of a body is its weight as compared with 
an equal bulk of some other body. 

417. A cubic foot of rain water weighs just 1000 Tounces 
avoirdupois, this has been taken in this country, as the specific 
gravity of one cubic foot of water, and comparing other bodies 
with it, the following, table, determined by careful experiments 
contains the weight in ounces of a cubic foot of each. 
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418. TABLE OF SPECIFIC GRAVITIES OF BODIES. 



SOLIDS. 



Platina (pure) 23400 

Gold (fine) 19640 

Lead 11325 

saver (fine) 11091 

Copper 8915 

Brass (cast) 8399. 

Steel 7840 

Iron 7615 

Iron (cast) 7425 

Tin 7320 

Glass (flint) 3000 



Marble 2700 

Clay 2160 

Ck)nimon earth 1984 

Sand 1520 

Coal 1250 

Mahogany 1063 

Oak 925 

Fir 600 

Ivory 1825 

GnnpowdEjr 937 

Cork 240 



FLUIDS. 



Mercury 13600 

Sea water 1028 

Common water 1000 

Milk 1032 

Wine, Burgundy 992 



Wine, Port 997 

Oil of Olives 915 

Alcohol 837 

Sulphuric add 1848 

Human blood 1054 



GASES. 



Atmospheric air 1.22 

If the specific gravity of air 
be 1.000, the correspond- 
ing specific gravities of the 
principal gases are: — 

Air 1.000 

Carbonic acid 1.520 

Oxygen 1.111 



Azote or Nitrogen 972 

Hydrogen .069 

Steam 625 

Ammonia 690 

Sulphuretted Hydrogen 1.777 

Sulphurous acid 2.220 

Chlorine 2.470 

Nitrous acid 3.194 



419. Ex.* J.. What is the solidity of 1 ton of oak? 
By the table •/ 925 ounces of oak are the weight of one cubic 
foot. 

/. 1 ton or 35840 ounces of oak are the weight of *f|i° = 

Ex 2. Required the weight of a block of marble whose length 
is 2.3 yards, the breath 1.25 yards, and the thickness .97 yard. 

Here the solidity is 2.3 X 1.25 x .97 = 2.78875 cubic yards. 
,'. By the table 1 cubit foot of marble weighs 2700 ounces. 
,•. 1 cubic yard weighs 27x2.78875x2700 ounces = 5 tons, 
13 cwt., 1 qr., 22 lb. 4 oz. 

420. EXERCISES. 

1 . A waggon is loaded with 24 bars of iron, 2 yards long, 8 inohes, 
broad and 8 inches thick; find the wei^t of the load. 
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2. The weight or pressure of the atmosphere at the earth's 
surfjGuse, is equivalent to the weight of a column of mercury, the 
height of which is 29^ inches. Supposing that the surface of the 
human body is 3,4 square yards, what is the pressure to which 
it is subjected? 

8. Archimedes discovered the following principle: a body 
immersed in a fluid, loses as much weight as an equal bulk of 
the fluid weighs. From this it is required to find the weight 
of a cast iron ball 6.4 inches in diameter, when immersed in 
water. 

4. What is the weight of the air contained in a room, the dimen- 
sions of which are 17 feet 6 inches in length, 14 feet 8 inches 
in breath, and 10 feet 4 inches in height ? 

6. What will be the weight of a foot of lead pipe, 3 inches 
diameter in the bore, and .6 inch in thickness ? 

6. How many cart loads of clay will there be in a drain 100 feet 
long, 2^ feet broad and 6.4 feet deep, allowing 1^ tons for 
each load ? 

7. Required the weight of an oak board, 5 yards long, 2.7 feet 
broad, and 4.4 inches thick ? 

8. What is the diameter of a gold ball of the same weight as a 
silver ball whose radius is 1.5 inches ? 
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1. Pestalozzi was bom on the 12th of January, 1746, and died 
February 17th, 1827. How old was he when he died, and 
how long is that ago ? 

2. From May 1st to October 15th, 1851, the time that the Great 
Exhibition was open, the number of visitors was 6167944. 
How many went on an average daily, Sundays not included ? 

3. If 17 pieces of cloth, 23.75 yards long and .77 yard wide, 
are to be lined with stuff, J yard wide. How many yards 
will be required ? 

4. There were 3300 iron pillars in the Crystal Palace, on the 
average 18 feet in length and 8 inches in diameter. If laid 
side by side, what surface of ground would they cover ; and 
what would be their length, if placed lengthwise ? 

6. At the opening of a dock, which measures 870 yards by 166 
yards, the water was admitted at an average of 4500 gallons 
per second, and continued to flow in for 12 hours. What was 
the depth of water ? 

6. How much further will a man's head travel than his feet, in 
going round any great circle, supposing his height to be 
6 feet ? 

7. If 100 oranges are bought at 3 a penny, and 100 more at 2 
a penny, at what price must they be retailed, so as to gain 
25 per cent. ? 

8. Two travellers sat down to dinner, one had 5 loaves and the 
other 3 ; a stranger passing by asked to eat with them, to 
which they consented. The stranger dined, laid down 8 
pieces of money, and departed. How much must each tra- 
veller receive ? 
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9. What is the weight of a block of marble, specific gravity 
2700, length 0*5 feet, and breadth and tliickness eajh \'2 
feet (being the dimensions of one of the stones in the walls 
of Balbec) ? 

10. A gentleman dying left in his will a certain amount, to be 
disposed of as follows : 1st, for funeral expenses £500 ; 2nd, 
doctors bill 150 guineas; 3rd, to each of his two executors 
d6500; 4th, lawyers' bills 300 guineas ; 5th, to each of his 13 
servants i;50 : 0th, to his wife he left money for an invest- 
ment, which, at 4 per cent., would produce her an income of 
£1000 a year ; 7th, the remainder of his property to be divided 
among his live sons, in such a manner that B shall have 10 
per cent, less than A; C, 10 per cent, less than B; D, JO 
per cent, less than C ; and E, 10 per cent, less than D. 
Now, E's income, at 4 per cent, from his fortune, was £656.2 
per annum. Required, the fortune of each sou, and the total 
amount of property the gentleman left. 

11. A could do a work in 16 days, B in 15, and C in 18. 
Required, the time they will do it in together, 

12. How many moidores, guineas, marks, nobles, and crowns 
are there in £1598. 14s., when there is an equal number 
of each ? 

13. If 60 gallons of water, in one hour's time, runs into a 
cistern, containing 240 gallons, and by a pipe in the same 
cistern, there rmis out 42 gallons per hour. In how many 
hours will it bo filled, supposing there is no water in the 
cistern, and both taps are open at the same time ; the rate of 
influx and efflux being uniform ? 

14. The difference of income for one da)', between the common 
and leap year, is 1 .346972 farthings. Required, the income 
per annum. 

15. If a solid inch of mould candle will burn 28 minutes, how 
long will a whole one last, the length of which is 9 inches 
and diameter .75 inch, supposing the candle to burn uni- 
formly ? 

16. A body is immersed in a cylindrical vessel of water, the 
diameter of which is 3 feet 6 inches ; and on taldng it out, I 

found the fall of water to be ,6 of an inch. What was the 
solidity of the body ? 
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17. Three merchants form a partnership : A and B together put 
in £1300, and C 700. A gained £5 more than B, and C £5 
more than A. The whole gain was £600. What was the gain 
of each, and what stock had A and B respectively ? 

18. A druggist bought 2 J cwt. avoirdupois of Epsom salts for 
£7. 16s. How should he sell 1 oz. Troy to gain 250 per 
cent. 1 

19. A man of war displaces 64240 cubic feet of sea water. The 
weight of the vessel is required. 

• 

20. Divide £229.6 among A, B, and C, so that for every 5f 
shares taken by A, B takes up 4^ ; and for every 4 J shares 

taken by B, C takes 3.2. What did each receive ? 

21. If 12 oxen be worth 29 sheep, 15 sheep worth 25 hogs, 17 
hogs worth 3 loads of wheat, and 8 loads of wheat worth 15 
loads of barley, how many loads of barley must be given for 
24 oxen ? 

22. At what time, between 4 and 5 o'clock, will the hour and 
minute hands of a watch make an angle of 180 degrees ? 

23. In a shoal of herrings, 6 miles in length, 2J in breadth, 
and 240 yards in depth, how many herrings, allowing 184 to 
the solid foot ; and how many casks would they fill, each cask 
containing 875 ? 

24. A, B, and C can trench a field in 14 days ; C, D, and A in 
12 days ; and D, A, and B, in 18 days. In what time will it 
be done by them together, and by each singly ? 

25. Required, the prime cost of a ream of paper, weighing 16 
lbs., made from rags at £42. 10s. per ton ; waste in manufac- 
turing 25 per cent., expenses 7s. 6d. per ream, and a duty of 
3d. per lb. on the paper. 



26, It has been computed that the weight of the atmosphere is 
1371977266659000000 lbs. The carbonic acid gas is ^^ 
part of its whole weight ; and in every 100 lbs. of air there 
are 23 parts of oxygen, and 77 nitrogen. How much nitro- 
gen is in combination with oxygen in the air ? 

27. It is found that 61.024 cubic inches of air weigh 20.0624 
grains, it is required to determine the weight of the same 
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quantity of oxygen, nitrogen, hydrogen, and chlorine gas, in the 
same circumstances. (See table of specific gravities.) 

28. It has been ascertained that bodies falling freely in space, 
describe distances increasing as the square of the number of 
seconds : thus in 1 second a body falls 1 6y^j feet, in 2 seconds 
2» X 16T*y or 64 i feet, in 3 seconds 3« x 16^^ or 144^ feet, 
&c. What is the space traversed by a stone which has been 
7 seconds in falling ? 

29. The time of oscillation of a pendulum increases as the square 
root of its length, in the latitude of London, the length of a 
pendulum which vibrates seconds is 39 J inches. Find the 
length of a pendulum that vibrates 4 times in a second. 

30. How many oscillations will a pendulum 75 inches long make 
in a minute ? 

31. A merchant received 18 guineas for a piece of cloth, by 
which he gained 3s. 6d, per yard, at the rate of 16 J per cent. 
Required the length of the piece and the invoice price per 
yard. 

82. When will the hour and minute hands of a clock be at right 
angles with each other, after 2 o'clock ? 

33. If by selling goods at 2s. 3d. per lb. I clear 100 per cent., 
what shall I gain per cent, by selling them at 9 guineas per 
cwt. ? 

84. In common air, sound travels at the rate of 1142 feet per 
second. What is the depth of a well, in which the sound of 
a stone arriving at the bottom is heard 4 J seconds after its 
being dropped ? 

85. How long after firing a gun will the report be heard, at the 
distance of 5 J miles ? 

36. In a storm, thunder was heard 3^ seconds after the flash of 
lightning. At what distance was the cloud from which it 
proceeded ? 

87. Light travels at the rate of 192500 miles per second, and 
the light from the sun is 8 min. 13 sec, in reaching us. 
What distance is the earth from the sun ? 
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88. What would be the difference of income made by the transfer 
of £4500 stock from the 3 J per cent., at 84, to the 4 per cent., 
at 96? 

89. Suppose a wolf could devour a sheep in an hour, a tiger in 
20 min., and a lion in 30 min. ; and suppose the wolf eats 
10 min. by himself, after which the tiger arrives, and eats along 
with him ten minutes more ; then the lion arrives, and they 
all eat together. Find the time in which the sheep will be 
devoured. 

40. If a factor's commission, at 3 J per cent., be £16. Hs. 6d., 
what money has he disbursed on his employer's account ? 

41. On starting for a walk, I found the hour and minute hands 
of my watch exactly together, between 2 and 3 o'clock. On 
my return, having walked at the rate of 3 miles an hour, the 
hands were again together, between the hours of 5 and 6. 
How many miles did I walk ? 

42. Bought, 23 bags of hops, at £3. 17s. 6d. per bag, by which 
I expected to clear 22 per cent.; but when I had sold 12 
bags at that rate, the price lowered, and I could only sell the 
remainder at 4 guineas per bag. How much did the whole 
gain fall below my expectations ? 

43. A stationer sold pencils at 2s. 6d. per 100, by which he 
gained 25 per cent. ; but afterwards, the pencils becoming 
very scarce, he raised the price to 6s. per 100. What did he 
gain per cent, by the latter price ? 

44. In the atomic theory, substances are supposed to combine 
with each other by atoms, and the weights of these atoms ex- 
press the proportion in which they are combined ; thus, taking 
the weight of an atom of hydrogen, or H = l ; the weight of 
an atom of oxygen, or = 8. Now, since the atom of water 
consists of one atom of hydrogen and one of oxygen, it follows 
that the weight of one atom of water, or H0= 1 + 8 = 9. 
Find the weight of hydrogen and of oxygen in 50 gallons of 
water. 

46. Express the weight of one atom of the three following gases : 
1st, the oxide of carbon, which is formed of 2 atoms of carbon 
and 1 of oxygen ; 2nd, carbonic acid, formed of an atom of 
carbon and 2 atoms of oxygen ; and 3rd, carburetted hydrogen^ 
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formed of an atom of carbon and an atom of hydrogen. (The 
atom of carbon is represented by C=6. The number of 
atoms of one element is expressed by an index, thus, C 
signifies two atoms of carbon.) 

46. When phosphorus bums in the air, it produces phosphoric 
acid, formed of an atom of phosphorus, represented by Ph=32, 
and of 5 atoms of oxygen. Find the number and the form 
representing this acid, 

47. For one atom of carbon there is one atom of water in sugar. 
Find the expression and the composition, in vulgar and deci- 
mal fractions, of this substance. 

48. The analysis of an organic substance produced 60 parts of 
oxygen, 7.5 of hydrogen, and 45 of carbon. Find the atoms 
of each in the substance. 

49. Bought, a quantity of cloth, for as many pence per yard as 
there were yards in the whole quantity; and by selling it 
again at 16 per cent, profit, I received for the whole £302. 
Is. 8d. How many yards were there ? 

60. A owes B £360, which becomes due in 9 months ; but in 
3 months he pays him £80, and in three months after that 
£100. Eequired, how much longer than 9 months B should, 
in equity, defer demanding the balance. 

51. A contractor, for digging a canal, when he had finished a 
mile in length, gave in his account to the proprietors. The 
canal was 20 feet broad at the top, 16 feet at the bottom, and 
7 feet deep. How many cubic yards should be charged for, 
and what is the amount, at Is, 3d. per yard ? 

52. If the end of the minute hand of a clock moves over a dis- 
tance of 8 inches in 4 min, 30 sec, what is the length of the 
index? 

63. How many trees may be planted on an English acre, at the 
distance of 6 feet from each other ? 

64. C barters with D 140 yards of cloth, at 24s. 8d. per yard, 
for 48 dozens of wine, at 28s. per dozen, and £40 in cash ; 
the balance to be paid in stuff, at 2s. 6d. per yard. How 
many yards must be given ? 
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66. A ship was bought for £1600. What must be charged for f 
of I of J of her, to gain je350 on the whole ? 

66. I reckoned 8 pulsations during the fall of a stone from the 
top of a rock. What height did it fall, the pulse beating 72 
times in a minute ? 

67. A cubical box, the diagonal of which is 16 inches, is filled 
with marbles, .60 inch in diameter. Required, the number it 
contains ; and also the quantity of water, in feet, which might 
be poured into the cavities between the balls ? 

68. A general, detaching t\ of his army to occupy a certain 
height, and ^ of the remainder to watch the enemy's move- 
ments, had only 170 men left. The strength of his force is 
required. 

69. In order to improve the quality of some home-made wine, 
which cost 4s. per gallon, I mixed in a cask, containing 45 
gallons of it, 3 gallons of brandy, at 33s. per gallon, and 10 
gallons of foreign wine, at 20s. per gallon. What is the price 
per gallon of the whole mixture ? 

60. What is the simplest vulgar fraction that is equivalent to 
.088134765625 ? 

61. A bought some coffee; by selling it at lljd. per lb., he 
loses 3s. 3d. ; by selling it at 13id., he gains 6s. 6d. How 
many lbs. were bought ? 

63. A cubic inch of glass is blown into the form of a globe, 
that wiU hold a pint of wine. What is the thickness of the 
glass? 

63. A travels from P to Q, at the rate of 5J^ miles an hour. 
After 6 hours, B, who travels at the rate of 7% miles per hour, 
departs also from P, to overtake him. When will P be up 
toA? 

64. A body weighs 12 lbs. 6 oz. in the air, and 7 lbs. 8 oz. in 

the water. Find its density, or its weight, compared to that 

-,, ^.. - . / Weightiest 1000'\ 
of the same quantity of water. I ^^„ ■ ^ ;--- = I . 

^Whole weight x ^ 

65. A stone weighs 15 oz. in the air ; a vessel, filled vdth water, 
weighs 16 lbs. 6 oz. ; the stone is plunged into it, and the 
weight is 16 lbs. 14 oz. Find the density of the stone. 
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66. The freezing point of water, by the centigrade thermometer, 
is 0°, and tlie boiling point 100°. In Reaumur's thermometer, 
the freezing point is 0°, and the boiling point 80°, Find 
what degree of the centigrade corresponds to 24° Reaumur. 

67. In the thermometer of Fahrenheit, the freezing point is 
32°, and the boiling point 212° Reduce 48° Fahrenheit into 
degrees centigrade. 

68. Reduce 15 degrees centigrade to degrees Fahrenheit. 

69. Bring 75° Fahrenheit into degrees Reaumur. 

70. The expansion of iron is .0000122 of its length for every 
degree centigrade of increase in temperature. What will be 
the expansion of an iron ruler, 3^ yards in length, for 32° of 
heat? 

71. Mercury expands s-^s of its bulk for every degree of heat. 
What will be the increase of If cubic inches of mercury, by 
raising the temperature from 16° to 48°? 

72. To clothe 25000 men, it takes 125000 yards of stuff, f wide. 
How many yards, J wide, are required to clothe 3840 men ? 

73. Multiply f of 4 of 16i by J of J of 15 ; and divide ^^ of 
27i by /^ of 21i. 

74. How many revolutions will a wheel, 4f feet in circumference 
make, during a journey of 24 miles ? 

75. What decimal of a pound is 1.045 of a shilling ? 

76. A clock, which gains 7^ min. in 24 hours, is set right at 
noon on Monday. What will be the time by it at 6 o'clock in 
the evening of the following Saturday ? 

77. What income will arise from the investment of JS2400 in the 
3 per cent, stock, at 71 ? 

78. If cloth, when sold at 148. 3d. per yard, realises a profit of 
14^ per cent., at what price must it be sold to gain 20} per 
cent. ? 

79. A father divided his property among his three children, in 
the following manner : to the eldest, he gave ^^ of the whole ; 
to the youngest, J ; and to the second, J23000. What was the 
property left ? 
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80. What sum will amount to £217. Os. T^d. in 3^ years, at 4| 
per cent, S.I. ? 

81. What weight of water will a cistern contain, the depth of 
which is 3 feet 8 inches ; its length, 5 feet 4 inches ; and its 
breadth, 2 feet 6 in. ? 

82. In how man J years will 100 guineas amount to £140. 8s. 9d., 
at 31 per cent., S.I. ? 

83. Subtract -j-V of 5 guineas from J of £5. 17s. 9d. 

84. A merchant sells goods for his correspondent at different 
times, for which he is to receive £64. 10s. 8d. at the end of 
3J^ months, £72. lOs. at the end of 5i months, and £81. 10s. 6d. 
at the end of 6 months. What is the equated time to pay the 
whole ? 

85. Dr. L. Playfair states that in smelting iron 8H P^r cent, of 
the fuel is wasted by imperfect combustion, and this amounts, 
according to the present quantity of iron smelted, to the enor- 
mous waste of 5400000 tons, ^^th of the whole quantity of coal 
annually consumed in the United Kingdom. How much coal 
is consumed in smelting the iron, and how much is consumed 
in the United Kingdom. 

86. A and B at the opposite extremities of a wood, 248 yards in 
compass, begin to go round it the same way, at the same time, 
A at the rate of 25 yards in 2 minutes, and B at the rate of 
38 yards in 3 minutes. How many rounds will each make 
before the one will overtake the other ? 

87. 351bs. of tea being mixed with 201bs. of a better quality, the 
mixture is found to be worth 7s. 4d. per pound. Find the 
value of each kind, the difference of their values being Is. lOd. 
per pound. 

88. Venus revolves round the sun in 224 days, 16 hours, 49 
minutes, 11 seconds; and the earth in 365 days, 6 hours, 9 
minutes, 12 seconds. Kequired the seven first approximate 
ratios of these periods. 

89. A load of com was sold for £14 I7s., by which a loss of 17^ 
per cent was sustained, what should it have been sold for, to 
realize a profit of I2i per cent. ? 
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00. If the interest of £250 amount to £50. 12s. 6d. in 4^ years, 
what is the rate per cent.? 

91. The weight of a har of iron 3 feet long, 2 inches broad, and 
H thick, is 30^1 pounds, what is the weight of another bar 
8^ feet long, 4 inches broad, and 2 J inches thick. 

92. If a pound of tea be worth 2^- of coffee, and a pound of 
coffee worth 3i of sugar, what will be the value of 56 pounds 
of tea when sugar is worth 7d. per pound ? 

93. By purchasing railway shares at 22^ per cent, discount, and 
selling them again at 9 per cent, premium, I gained 300 
guineas, what was the original sum I invested ? 

94. What per centage is gained on an article which is purchased 
for £10. 58. and sold for 12 guineas? 

95. If 4180 pounds of beef serve 176 men 19 days, how many 
days will 1991 J pounds of beef serve 59 men. 

96. Find the compound interest on £850 for 2J years, at 4J per 
cent. ? 

97. Suppose the surface of a man*s body to contain 34 square 
feet, and that there are 784 pores in a square inch, what is the 
diameter of each pore, supposing it circular, and the membrane 
between the pores one quarter of the diameter, how many pores 
are there in the body ? 

98. If 464 men in 5 days, of 12 hours each, dig a trench 340 
yards long, 3 wide, and 3 deep, in how many days of 9 hours 
each could 75 men dig a trench 720 yards long, 4 wide, and 

2 deep ? 

99. If a person gain 8 J per cent, by selling apples at the rate of 
8 for Oj-d., how much does he gain per cent, by selling them at 

3 for 2Jd. ? 

100. Three gentlemen contribute £1 64. 5s. towards the building of 
a church, at a distance of 2 miles from the first, 2^ miles from 
the second, and Sj- miles from the third ; and they agree that 
their shares shall be proportional to the reciprocals of the dis- 
tances from the church. Required their subscriptions. 

101. If beer which is brewed with 3 bushels of malt to the 
barrel, cost Is. 3d per gallon when malt is at 62s. 8d. per 
quarter, how much will beer cost per gallon which is brewed 
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with 5 bushels of malt to the barrel when a quarter of malt 
costs 50s.? 

102. If 10 cannons, which fire 3 rounds in 5 minutes, kill 270 
men in IJ hours, how many cannons which fire 5 rounds in 
6 minutes will kill 600 men in I hour at the same rate ? 

103. At what time between 4 and 5 o'clock are the hour and 
minute hands of a watch together, at right angles, and in 
opposite directions? 

104. A stationer sold quiUs at lis. a thousand, by which he 
cleared f of the money, and he afterwards raised them to 
13s. 6d. a thousand. What did he gain per cent, by the latter 
price? 

105. Steam requires about 1000° of heat when generated from 
water, at 212° or 180° above freezing point; this heat not being 
sensible to the thermometer is latent heat. Then steam may 
be considered as water in a high state of rarefaction, containing 
about 1000° of heat above what its state indicates. From this 
it is required to find the temperature of 20 gallons of water at 
60°, in which there is 2 gallons of steam at 212°, 

Solution : — 

20 gallons at 60° or 28° of heat = 660 

2 gallons at 212° or (1000 + 180)or 1180 of heat =2360 

.-. The temperature of the 22 gals =2920 

2920° 
„ „ mixture = + 

32°=164t«t°. 

106. To liquify a given quantity of ice requires as much heat as 
would raise the same weight of water 140° in temperature, or 
from 32<> to 172°. So that if a stone of ice at 32« was mixed 
with a stone of water at 172°, the result would be 2 stones of 
water at 32°. Then ice on the point of melting may be con- 
sidered as water at 172° below 32°, or 140° below freezing 
point This is the latent heat of water acquired in lique£EU> 
tion. 

From this let us find the temperature of a mixture of 6 lbs of 
water at 122° with 3 lbs. of ice at 32°. 

Solution : Since ice on the point of melting may be considered 
as water 140° below freezing point: 

/. 6 lbs. of water at 122° or 90° above freezing point =540° 
3 lbs. of ice at 32° or 140° below freezing point =420^ 



)° 
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,'. The difference is 120° above 32° which is disseminated 

120° 
into 9 lbs. of the mixture, /. every lb. will be at +32° or 

45i^ 

107. What would be the result of mixing 3 lbs. of water at 100° 
with 2 lbs. ice at 32° ? 

108. In 20 lbs. of water at 32° there are floating 2 lbs. of ice, 
into this 3 lbs. of steam are admitted. Find the temperature 
of the mixture. 

109. A mixture is made of 1 6 gallons of water at 45°, and of 12 
gallons at 62°. Required, the temperature of the liquid. 

110. What would be the temperature of a mixture of 24 lbs. of 
water at 77° with 42 lbs. of ice at 25°? 

111. If the pendulum of a clock vibrate the distance of 9| 
inches in a second of time, how many inches will it vibrate in 
the course of 7 years 14 days 2 hours 1 min. 56 sec, each 
year consisting of 365 days 5 hours 48 min. 48 sec. ? 

112. A boy bought some apples for 6d. ; the J, J, and ^ of what 
he had amounted to 54. How many could he get for a half- 
penny ? 

113. Received an order /or cloth, at 16s. 6d. per yard Now, it 
will take 2 lbs. 2 oz. of wool per yard ; the cost of making is 
4s. per yard, dressing 2s. per yard, and dying the wool Is. per 
lb. How much must I give per lb. for my wool, so as to gain 
12^ per cent, by this trade ? 

114. If a cylindrical vessel be 7 feet deep, and will hold 1010 
gallons when filled, it is required to know what quantity wiU 
run over by putting in the largest heavy cube possible. 

J 15. A room is 32 feet long, 27 feet broad, and 20 feet high. 
Find the length of the longest pole that can be placed 
therein. 

116. A merchant insured a ship and cargo at the rate of IJ 
per cent. Now, if .001 of the value of the ship were multi- 
plied by .001 of the value of the cargo, the product would be 
£1275; and if the cube of .001 of the ships value were 
subtracted from the cube of .001 of the cargoes value, the 
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remainder would be £610750. The sum paid for insurance 
is required. 

117. A city is supplied with water by means of five pipes, and 
their diameters are, respectively, 4, 4J, 5^^, 6^^ and 7^ inches. 
The smallest pipe supplies 10 gallons per minute; and the 
supply of the others is as the squares of their diameters. 
How many families were supplied on an average, each family 
consuming 10 gallons of water daily ? 

118. If 1 lb. Troy of English standard gold, \^ fine, be worth 
£46. 1 2s. 6d., what is the value of a coin, weighing 7 dwts. 
11 grs., in which 924 parts in 1000 are pure gold ? 

119. A clock gains 3^^ min. per day. How should its hands be 
placed at noon, to point on the true time at 7i in the 
evening ? 

120. A person performs f of a piece of work in 13 days ; he 
then receives the assistance of another person, and both toge- 
ther finish it in 6 days. In what time could each do it 
separately ? 

121. If 3 miles 4 furlongs 93 yards be fun in 6 min. 4 sec, 
how much is that short of a mile a minute ? 

122. Find the edge of a cubical block of coal, weighing 2000 
tons. (See table of sp. gr.) 

123. How much per cent, is 14s. 6d. gain on £4. 5s. ? 

124. The difference between the year in the Julian calendar 
and the true year is .007736 days, which the Gregorian 
calendar corrects, by omitting 3 days in 400 years. Find how 
much the error would have accumulated imder the Julian 
calendar, from A.D. to A.D. 1854. 

125. The external and internal diameters of an iron shell are 
8.36 and 6.45 inches. Eequired, the weight of the shell, and 
the quantity of gunpowder it will contain ? 

126. A cubical box, 1 foot in height, is filled with water ; and 
8 equal spheres, ^ foot in diameter, are placed in it. What 
volume of water remains ? 

127 A scale of German inches is placed by the side of a scale 
of English inches, so that the first division of the two scales 
coincide. Find the divisions of the English scale which coin- 
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cides nearest with the German scale. (The length of each 
scale is 10 feet, and 100 German inches are the same as 
106.677 English inches.) 

128. If a person invest in the Sj- per cent., at 92 J, including 
the broker's commission. What interest will he get per 
cent. ? 

129. How many ounces of tea, at dd., 4d., 5d., and 8d., are 
required to make a mixture at 6d. ? 

130. If 24 pioneers, in 2i days of I2i hours long, can dig a 
trench 139.75 yards long, 4i wide, and 2^ deep, what length 
of trench will 90 pioneers, in 4| days of 9J hours long, dig, 
the trench being 4 J yards wide and 3^ deep ? 

181. Express 2 J Spanish piastres in French money, exchange 
being at the rate of 254 francs per £1 sterling, and ks, 7s. 6d. 
for 20 piastres. 

132. A can mow 2^ acres of grass in 4 J days, B 2J acres in 3^ 
days; they mow together a field of 10 acres. In what time 
will they do it, and how many acres will each mow ? 

138. The water in a river, 16 feet deep and 144 yards wide, 
flows at the rate of 34 miles per hour. Find how many cubic 
feet of water run into the sea per minute ; also the number 
of tons, supposing a cubic foot of water to weigh 1000 
ounces ? 

134. Through a piece of wood, 2 feet 4 inches in length, a hole 
is made, the section of which is a square of 84 inches on a 
side, and the largest possible cylinder is inserted in the hole. 
Find the space left vacant. 

135. If a gallon of water were resolved into the oxygen and 
hydrogen of which it is composed, it is required to determine 
the volume into what it would thus be expanded, water being 
741 times heavier than an equal volume of oxygen, and 9699 
times heavier than an equal bulk of hydrogen. 

136. A person mixes 11 lbs. of tea with 5 lbs. of an inferior 
quality, and he gains 1 6 per cent, by selling the mixture at 
7s. 3d. per lb. Find the prime cost, when a pound of the one 
costs Is. more than a pound of the other. 
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5 h. 48 m. 48 s. 



137. Find the converging fractions approaching to 



24 hrs. 



138. At what rate per cent, per annum must £1200 he lent for 
2 years, to amount to £1348.32 ? 

139. How must goods hought at 8s. 4d. a yard, he sold to realize 
16 per cent., allowing 5 per cent, on the cost for expenses ? 

140. A train moves the first minute at the rate of 6 miles an 
hour, each minute its speed increases by J of 8 miles. At 
what rate per hour will it travel in 10 minutes ? 

141. £62 10s. is paid, the first payment being £1 lis. 3d., the 
others increasing three-fold, find the number of payments. 

142. Exchange between Russia and England is 6.28 rubles, 
per £1, and between Russia and America, 6.28 rubles for 
4.55 dollars ; also between America and England 4.85 dollars, 
per £1. Find the gain on transmitting 6000 mbles through 
England to America ? "\ 

143. The Britannia tubular bridge consists of two rectj&agular 
tubes of iron, each 1513 feet in length, 26 feet in avSrag© 
depth, and 1 4 feet 8 inches in width, the internal depth aijd 
width being respectively reduced by construction to 22 an5^ 
14 feet. Find the volume of air in the tube, and also the ^ 
contents of the construction itself ? 

144. The length of Jupiter's orbit is found to be 3104000000 
miles, which is described in 4332.62 days. The length of 
the earth's orbit is 596900000 miles, which the earth describes 
in 365.26 days. What is the difference of the uniform rate 
of speed per hour of the two planets. 

145. It is supposed that one man consumes 25 cubic feet of 
oxygen in 24 hours ; and supposing he takes 21 respiratioDs 
in a minute, how much does he consume at each respiration ? 

146. An omnibus conductor was convicted of defrauding his 
master, who stated that if he were thus defrauded, of only 3d. 
for every journey made by each of the omnibusses of which he 
was the proprietor, he should lose £2901. 15s. per annum. 
Supposing each omnibus took 6 journeys daily, how many 
omnibusses had the master ? 
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147. A principal of £10000 is lent at compound interest. At 
what rate per cent, per annum must it be lent to amount to 
£11576. 4s. in three years ? 

148. If a man earn 3s. 6Jd. a day by mowing grass at 5s. 8d. 
per acre, when he works 12 hours a day, how long must he 
work a day, and what quantity must he mow to earn 3s. 9d. a 
day, when he is allowed 6s. an acre ? 

149. How many revolutions will the driving wheel of a locomo- 
tive 18 feet in circumference .make between London and 
Birmingham, a distance of 112^ miles? And how many 
times will the cylinder discharge its steam on the journey (the 
cylinder discharges steam 4 times in each revolution.) Also 
how long will it be going, supposing it to move at an average 
rate of 30 miles an hour when at work, and stopping at 12 
stations ; at the first station 1 minute, and at the twelfth 15 
minutes, increasing the period of stopping in arithmetical pro- 
gression ? Also how much coke will the engine consume 
supposing that while in motion it requires 6 bushels per hour, 
and when stopping 4 bushels per hour ? And to what sum 
will the price of the coke amount at 5d. per bushel ^ 

150. The rent of a house is £120 per annum. It is assessed at 
the rate of | the rent, the poor rate is 7s. 6d. in the pound, 
the paving rate is Is. 9d. and the church rate 4d. How 
much does the tenant pay altogether for his residence ? 

151. A person increases his estate annually by £100 more than 
the quarter of its value, and at the end of 4 years he found 
his estate amounted to £10342. 3s. 9d. What had he at first ? 

162. A person after paving an income tax of 7d. in the pound, and 
a rate equal to J of ^ of it, has £458. 10s. left. Find his 
income 

153. Prove tha.t the simple interest of £260 for 4 months at 3 J 
per cent, per annum, is equal to the discount of £263 7s. 2d. 
for the same time at the same rate. 

154. What is the difference between the true and bankei-s' dig- 
count, on a bill of £1209. I2s., drawn October 13th, at 4 
months, and discounted December 5th, at 4 per cent, per 
annum, C. I. ? 

155. A cubic foot of wood weighs ll^-? lbs. What is the 
weight of a beam, 24 feet long, 2J feet wide, and 2J feet 
thick; and what is its value at 2s. 2d. per cubic foot? 

90 
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166. A wishes to buy property that will cost JK50000, for which 
purpose he sells the following stocks, of which he is the holder, 
viz. : £1750 income in the 5 per cent, at 121.40 , and dgSOO 
in the 3 per cent, at 83.50. How much had he left after 
he bought the property ? 

157. A has 3 lumps of metal of the same volume, but of different 
weights : 5 cubic inches of the 1st weigh 69i oz., 3^ cubic 
inches of the 2nd weigh 41 oz., and 4f cubic inches of the 3rd 
weigh 91 oz. Find the weight of I cubic inch of the mixture 
of tiese metals. 

158. Brass contains 3 parts of copper to 7 of zinc; copper 
costs 1.608., and zinc .30d. per lb. Find the price of 1 cwt. of 
brass. 

159. A bought oil for £240 ; J of the payment is to be made 
in 3 months, ^ in 6 months, and the rest in 10 months. In 
what time should the whole sum be paid in one payment ? 

160. Divide 20s. among 6 men, so that each shall have 2id. 
more than the other. 

161. In a field of 12 acres there are grazing 2 horees, 3 cows, 
12 sheep, and 1 ass ; each horse eats as much as 1 cow, 1 
sheep, as 1 ass ; each cow as much as I sheep and 1 ass, and 
1 sheep one-third part of the ass. What part of the pasture 
does each kind of animal eat ? 

162. The united weight of two persons is 148 lbs., their differ- 
ence 48lbs. Find the weight of each in ounces ; and also how 
many cubic inches each contains, the specific gravity of living 
men being .891. 

163. The relation of two magnitudes is expressed by the con- 
tinued fraction : 
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Find the converging fractions showing the approximate ratio of 
these magnitudes. 

164. I bought goods for ;€150, upon which I want to gain 10 per 
cent, and allow 1 2 per cent, discount to the purchaser. What 
will be the selling price ? 

165. A, B and C perform | of a work together in 24 days, but 
if A or B. who do the same work in equal times, had been 
taken away, then j of it would only be accomplished in 28 
days. In what time can each do it separately ? 

166. What is the vulgar fraction equivalant to .08134765625 ? 

167. The advance of the hour hand of a watch beyond the 
minute hand is measured by 24 J of the minute divisions, and 
the time is between 6 and 7 o'clock. Find the time by the 
watch. 

168. A work is to be performed by 15 workmen in 24 days; 
after having been 9 days working, 4 men fell ill, who returned 
after being absent 7 days. How long were they doing the 
work? 

169. A wall can be built in 8i days by 16 men. The first day 
all the men take part in the work, and every succeeding day 
their number is diminished by one. How long will it take 
building the wall ? 

170. 21204 yards of stuff are to be woven in 20 days by 21 men, 
working 8 hours a day, when they had been 13 days working, 
9 of the men ceased attending. How many hours per day 
must the remaining weavers work, in order to have performed 
their task in the required time ? 

171. What principal must be lent at 4 per cent, per annum, so 
that its interest after 7 months, being lent at 5 per cent, for 
six months, shall bring £8. 15s.? 

172. A bought for £1200, merchandise which he sold to B at 
5 per cent, profit ; B sold it to C, at 4^ per cent, profit ; C to 
D, at 4 J per cent, profit ; D to E, at 3J per cent, profit. What 
did the goods cost each man ? How much is the profit of 
each individual ? 

173. P had goods to the amount of £25640 prime cost, which 
he disposed of during the year. At how much per cent, did 
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he retail his goods, having covered the prime cost, his annual 
expenses of Ji;2460, and increased his capital by £1680 ? 

174. The latitude of Greenwich is 51° 28' 40", and at the sol- 
stices the sun is 23° 27' 34" from the equator. Find the 
zenith distances of the sun at both solstices. 

175. Find the meridian altitude of the sun at the summer 
and winter solstices, in the latitude of Greenwich. 

176. The proportion of the solid area of our planet is to that of 
the liquid parts as 10 to 27. If the mean depth of the sea 
were 484 yards, what would be the weight of the water, and 
what would be the weight of the salt and other impurities 
wherewith it is impregnated ? 

177. A cloth merchant values his cloth at 18s. per yard in bar- 
tering with B, which is 12^ per cent, above his invoice price. 
Required, how B should rate his goods, which cost 2s. 6d. per 
yard, to be even with him, and the prime cost of the cloth. 

178. I have a case of liquors in bond on which I wish to pay 
the duty ; the case contains 48 bottles of 3 J gills, each bottle 
weighs 14 ounces. What is the duty, knowing that the duty 
on foreign liquors is £1. 10s. 4d. per gallon, and on glass Ss. 
per cwt. 

179. A lever is an inflexible rod turning upon a fixed point, 
called a fulcrum. Levers are of three kinds according to the 
relative situations of the power and weight : 

1st kind, as balances, scissors, 

&c. 
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2nd kind, as oars. 



3rd kind, as toys, the bones and 



d i ora j£ma, as roys, ine oon 
"^ ^ fg^ muscles of animals, &c. 

Now in every lever the power x the units in its arm = the 
weight X the units in its arm ; or in other words, the momen- 
tum of the power = the momentum of the weight. Suppose 
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the weight is 20 lbs., its arm 3 feet, and the power's arm 5 
feet, what must the power be in case of equilibrium ? 

Power = height's arm x Weio^ht ^ 3x20 ^ ^ ^ lbs. 

Power's arm 5 

1 80. A weight at the end of its arm 9 inches in length, balances 
2 lb. J 4 oz. at the end of the other arm 5 inches in length. 
Find that weight. 

181. Five persons of equal strength hold the ends of a pole 10 
feet long, to which a weight is hung. Two persons are at one 
end, and three at the other. Where must this load be fixed, 
so that ever}^ bearer may have the same weight to carry ? 

182. In a false balance, (one in which the arms are of unequal 
length,) a body appears to weigh when in one scale, and the 
weight in the other, 24 lbs., but when weighed in the other 
184 lt>s. The real weight is required. 

In this question we have 24 x a= W x &, and 18^ x 6 = W x a. 
.-. 24xaXl8ix6=W2xax6, &c, &c. 

1 83. It is required to make a steel-yard with a rod, the unvariable 
arm of which is 4 inches, and the moveable weight used 2 lbs. 
At what distances from the fulcrum must the weight be placed 
so as to equipoise 1,2,3,4,... 12 lbs. 

184. There is a cistern whose length is 5 of its breadth which is 
I of its depth and whose solidity is 1157f cubic feet. Required 
its length, breadth, and depth, as well as how many imperial 
gallons it contains. Also what difference is there in the 
weight of water it contains, allowing a cubic foot to weigh 
1000 oz. and the imperial gallon to weigh 10 lbs.? 

185. Divide £229| between A, B, and C so that for every 5 f 
shares taken by A, B takes 44 ; and for every 4 i shares taken 
by B, C lakes 3f ; what did each man receive ? 

186. A received £2100 which was ^ of B's money, now three 
times B's money was half C's; what was C's money? 

187. Suppose I plant a bean, and its produce be 21 the first 
year, how much land (allowing 6 inches for each bean) will it 
take to plant 10 years' produce ? 

188. A garden roller 38 inches long, outside diameter 22 inches, 
and the thickness 2^ inches, is made at the rate of 3d. per lb. 
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Supposing the cubic inch to weigh 6 oz. and the axle and 
handle to weigh ^y of the roller, what is the value of the 
roller ? 

189. What length of a gun 6f inches in diameter, will be filled 
with 12 lbs. of powder? (See Art. 418.) 

190. A lady having bought some silver articles which weighed 
6 lbs. 0| oz. troy, but suspecting she had been defrauded, 
ordered them to be weighed in the opposite scale, when they 
weighed only 5 lbs. Required the true weight and the amount 
at 4s. lO^d. per ounce. 

191. In 1842 the number of letters which went through the post 
office of this country was 208^^ millions, and in 1852 the 
number was 379J millions. What is, on the average, the 
yearly increase, and also the increase per cent.f 

192. Since the pressure of a fluid against any upright surface, as 
a canal gate, is equal to half the weight of a column of the 
fluid whose base is the surface pressed, and its altitude the 
same as the altitude of that surface, find the pressure of the 
water against a canal gate, the depth of which is 15 feet and 
breadth 12 feet. 

Weight of half the column of water is V X 1000 ounces, or 
7500 ounces ; area of gate is 15x12 or 180 square feet. 

.-. Pres8ure=VX 1000x15x12 or 7500x180=1350000 or 
84375 lbs. or 37f tons nearly. 

193. What is the pressure against the gate of a sluice, the 
dimensions of which are : depth 9 feet 6 inches, and breadth 
3 feet 8 inches ? 

194. The pressure on the bottom of a pail of water, the radius 
of which is 1 feet 6 inches, is 108 lbs.; find the pressure per 
square inch. 

195. A spherical leaden ball is suspended by a string in a 
cylindrical vessel containing water ; determine the additional 
pressure sustained by the base. (See table of specific gravity 
and exercise 3.) 

196. Required the contents of an irregular block of marble, 
which weighs 12 cwt. (See table of specific gravity.) 

197. How many cubic feet are there in 3 tons 7 cwt. of maho- 
gany ? (See table of specific gravity.) 
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198. WTiat is the weight of a block of iron 12 feet long, 9 inches 
broad, and 6 inches deep ? 

199. What is the weight of 4 gallons of olive oil ? 

200. The internal diameter of a leaden pipe is 3.6 inches, the 
thickness .25 inches. Required the weight of 20 feet in 
length. 

201. Pure alcohol contains 1 atom of oxygen, 2 atoms of carbon, 
and 3 atoms of hydrogen ; acetic acid, 4 atoms of carbon, 3 of 
oxygen, and 3 of hydrogen; oxalic acid, 2 of carbon, 6 of 
oxygen, and 3 of hydrogen. Determine (in vulgar and decimal 
fractions) the atomic expression and the composition of these 
substances. (See Ex. 44 and following.) 

202. A farmer has a field 348 yards long and 168 yards broad, 
which he exchanges for one of the same area, the breadth of 
which is 1 240 links. Its length is required. 

203. The income of N is derived from money in the 3 J per 
cent, stock at 89^, which he spends in the following manner : 
household expenses £46 10s, 6d. weekly, other expenses 
j£464 7s. 8d. annually. Of how much stock is he the holder 
and what is his fortune ? 

204. When flour is at Is. lOd. per stone. 4J lbs. of bread cost 
6^d. ; what must be the price of bread per lb. when flour is at 
2s. 2d. per stone ? 

205. Twenty weavers in 7 weeks, working 6 days a week, and 
11 hours a day, make 164 pieces of stuff, each piece 36 yards 
long and 1 J broad ; how many pieces will 12 weavers make 
in 5 weeks, working 6 days a week and 12 hours a day, when 
the pieces are 40 yards long and l-^^ yards broad ? 

206. Three merchants enter into partnership, A puts in d6400 
for 8 months, B £500 for a certain time, C's share continued 
6 months. Now A's gain was £300, B's £540, and C's £660. 
How long did B's money continue in ; how much was C's 
share, and how much was the whole stock ? 

207. What principal must be lent at 3 J per cent, per annum to 
yield 178. 6d. interest daily ? 

208. At what rate per cent, per annum must £1 600 be lent for 
5 years to produce as much as £1200, at 4^ per cent, for 7^ 
years. 
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209. S owes £900, to be paid as follows : £400 at the end of 
the first year, £300 at the end of the second, and the remainder 
at the end of the third ; but wishing to settle immediately, 
what discount at 4^ per cent, per annum is he allowed ? 

210. If I buy 36 pieces of stuff at £30. IQs. per piece, and sell 
15 pieces at £5. 10s. per piece, at what rate per piece must I 
sell the remainder to gain 24 per cent, by the whole ? 

211. A merchant bought 15J hogsheads of wine at £38. 128. 
per hogshead, which he is compelled to retail at £35. 158. per 
hogshead. What is the loss per hogshead, per gallon, on the 
whole, and per cent. 1 

212. Sold goods at £4. 158. per cwt., and lost 18 per cent., but 
the price rising, they are sold at such a rate that I gain 10 per 
cent on the buying price. How much were they sold at in the 
last instance f 

213. Two grocers gave an order for some sugar, for which they 
paid £36. 16s. A's share of it was i ; B sells J of his share, 
at 8 Jd. per lb. and gains thereby 32 per cent. Find how much 
sugar was ordered, the quantity each grocer received, and the 
buying price per lb. 

214. If 5 gallons of wine at 12s. 6d. per gallon, be mixed with 
6 gallons of another sort at lis. 4d., 2 gallons of brandy at 
18s. 6d. and 4 gallons of water ; find the price of the mix- 
ture per gallon. 

215. How much pure gold is there in a nugget 7 lbs. 6 oz. 
weight, and 15 carats fine? 

216. In a composition 18 carats fine, the gold weighs 2 lbs. 
5 oz., find the weight of the whole mass. 

217. A silversmith melts silver 14 carats fine, with silver 6 
carats fine. How much of each must be take to make 9 oz. 
of a composition 11 carats fine? 

218. With goods worth 18s. 6d. and 138. 3d. it is required to 
make a mixture worth 15s. 9d. How must it be done ? 

219. A nugget weighs 61bs. 7oz., and is 17 carats fine, what is 
its value at £3. 16s. 8d. per ounce of pure gold. 

220. I bought 280 gallons of wine for £245. It consisted of a 
mixture of three kinds, viz. : at 20s., 188., and 12s. per gallon. 
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How much would there be of each kind in that compound ? 

221. Express in metres 1 inch, 1 foot, 1 yard, 1 mile. 

2*25. Reduce to grammes 1 grain, 1 pennyweight, 1 ounce, 1 
pound troy ; also 1 pound avoirdupois ; 1 hundred weight ; 1 
ton. (I pound troy = 373.2 grammes.) 

2k{3. A lever 5 feet in length weighs 10 lbs., what weight on the 
shorter arm will balance 20 lbs. on the longer, the fulcrum 
being one foot from the end ? 

Solution : Here we have a third force taken into account, which 
was not considered in Ex. 170. It must be viewed as acting 
in the centre of granty of the lever, and is added or sub- 
tracted from the weight according as it tends to favour or to 
oppose it. And the general expression for cases of this sort 
is : wa-hwg=pb. 

Where a represents the weight's arm ; b the power's arm ; w the 
weight of the lever, and g the distance of the new force from 
the fulcrum. 

Thus in our example we have 

u;xl— 10x2 = 20x4 
.-. u; = 100 lbs. 

224. If the safety valve v of a steam engine boiler, 2^ inches 

radius, and 3 inches from the fulcrum, be pressed up by 

,-^7. ^ a force of 60 



yfo) 




LJJlJ. 




w 



'^ lbs. per square 
in., what must 
the weight ti;, 
(placed at a on 
_ the lever /a, 
- 30 inches in 
length,) be to 
equipoise the 

force of the steam ; the weight of the valve is 6 lbs., and the 
weight of the lever 8 lbs. ? 
Solution : Area of v = 5^ X.7854, or 19.635 square inches, 
19.635 X 60 = 1178.1 lbs. total pressure of steam on v, 
1178.1 — 6=1172.1 lbs. effective pressure of steam on v. 
30xw = effective power of lever. 
15 X 8 = 120 lbs., effect of weight of lever. (See Ex. 223.) 

.-. U?x30 + 15x8 = 1172.1x3. 
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. ,,, 3516.3—120 3396.3 ,,qoi m. 
.. w = = =113.21 lbs. 

30 30 

225. When the safety valve is 3 inches in diameter, its distance 
from the fulcrum 3 inches, and its weight 4 lbs. ; length of 
the lever 24 inches, and its weight 10 lbs. ; and the weight of 
w 20 lbs., find the pressure of the steam per square inch on 
the valve necessary to balance the weight w. 

226. If a mixture of H lbs. of snow, at 32° F., and 3 lbs. of 
water, at 162° be made, find the temperature of the mixture. 
(See Ex, 105.) 

227. What will be the temperature of a mixture of 5 lbs. of 
water, at 84° F., and 7 lbs. at 112°, the loss resulting from 
mixing being neglected. 

228. A person has a glass filled with wine, out of which he 
drinks the half, and fills it up again with water ; now he 
drinks one-third part of it, and fills it up a second time with 
water ; out of this he drinks one quarter. Find how much 
wine there is left in the glass, 

229. A square field, the perimeter of which is 964 yards, is 
exchanged for another of the same perimeter, but whose area 
is found to be -^ J of the former. Its dimensions are required. 

230. A owes to B £322, payable in 12 months ; £287 in 8 
months; £612 in 4 months ; £1260 in 1 month; and £2450 
ready money. Find the equated time to pay the whole. 

231. A has two bills to be drawn on Paris, one of 2450 francs, 
to be paid in 66 days ; and the other of 4500 francs, to be 
paid in 36 days. What is the equated time for drawing both 
bills? 

232. In the Linnean classification of plants the number of classes 
established is equal to the cube root of 13824. Find it. 

233. When the year begins on a Tuesday, on what day of the 
week will the anniversary of the battle of Waterloo occur, 
which was fought on the 18th of June, 1815 ? 

234 Find the cube root of the cube root of 7691483, correct 
to two decimal places. 

235. Find the square root of the square root of 13672, correct 
to three decimail places. 
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236, In the wheel and axle h a, let the radius of the wheel b 

= 18.5 inches, and the power p applied to 
it 40 lbs. Required, the weight w acting 
on the axle a,' the radius of which is 6 
inches, to produce an equilibrium, neglecting 
the friction. 
Solution : Here we have merely a modification 
of the lever, so that ah is a lever moveable 
about the centre c ; the power p acts by the 
arm c b, and the weight w by arm c a ; 
and thus we have, as in Ex. 179; pxc b = 
wxc a, and for our question we have 
40xl8.5=u;x6. 

/. w= =123ilbs. 

6 ^ 

237. The handle a 6 c of a windlass is I foot 4 inches, and the 

radius of the axle ae^^in. A 
man acts with a power of 36 lbs. 
in the direction of the tangent 
of the circle described by the 
handle. What weight would he 
balance were there no friction f 
Solution : The annexed figure 
differs from the preceding in 
having the wheel replaced by a 
handle ; its mechanical pro- 
perty is the same. Then, ^xthe length of the handle 
= 10 X the radius of the axle. 

Or, in this case, 36x16=^x3^. 




w 



3i 



Hence, the power gained by this machine is about fourfold. 

238. A power of 8 lbs. keeps in equilibrium a weight of 320 lbs. 
by means of a wheel and axle ; the diameter of the axle is 9 
inches. What is the radius of the wheel ? 

239. A man exert a power of 72 lbs. upon a windlass, the 
handle of which is 1 foot 8 inches, and the radius of the axle 
4 inches. What weight will he balance, and what is the 
advantage gained by the machine ? 
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240. Wliat must be the length of the handle of a windlass, the 
radius of the axle of which is 3 j inches, so that a power of 60 
Ibs.shall k eep ia equilibrium IM lbs. ? 

24 1 . A pullej is a small grooved wheel, which moves round an 
aiis fixed in a block or case. It is made to turn by means of 
a cord passed round its circumference, which transmits the 

^^^^^^^^^ force applied in any convenient direction. If 

^^^^^^ ^ a power sustain a weight by means of a 

?L fixed pulley, the power and weight are equal ; 

U] but when the power sustains a weight by 

means of moveable pullej-s, the weight raised 

is always greater than the power applied. In 

this single moveable pulley, the coid has the 

same stretch or tension. Then w is sup- 

ported equally by the two cords a and b ; 

F\ ■O hence each sustains one half ic. But c has 

^ \\'y the same tension as b, therefore to produce a 

^ state of equilibrium the power must be equal 

ui f\ ^ '^^ ^^ weight. The velocity of the power 

'■ ■'* is evidently double the velocity of the we^ht. 

In this system of pulleys, let the weight to be raised be aaOJ 

lbs. Required, the power vthen equilibrium takes place. 



242. The same principle is applicable to all 
systems of pulleys having one fixed block, any 
number of moveable wheels and a single 
cord ; for, in the annexed system, the same rope 
passes over all the pulleys, and the tension 
of the cord is uniform throughout ; and as 
the weight is supported by 6 cords, there- 
fore each carries one-sixth of tc, and the power 
must also be one-sixth of the weight. The 
velocity of p will necessarily he 6 times the 
velocity of w. In this system, there being 
6 pulleys, what weight can be supported by a 
power of 12 Ibs.t 



243. The length of a cistern is 9 feet, its breadth 4.6, and 
depth 3.5. What vrill be its contents, in gallons 1 




; its length is 8 feet. 



244. A cistern ia to contain tOOO galloi 
and breadth 6.5. What is its depth 1 

245. It ia ascertained that liquids transmit equally, and in all 
directiona, the pressure everted on any part of them, so that 
if a pressure of 12 lbs. be exerted on the water in a email 

4 [uhe, 1 inch in area, conununica- 

^ ^^~~~~^ ""? ^^ ^^ piston of a lai^e 

crlinder, 64 inches in area ; by 
this principle, the pressure on the 
e piston will be 64 x 12 lbs., or 
768 lbs. 

The Bramah, or hy- 
drostatic press, is a 
machine in which this 
property, combined with 
the lever of the second 
class, produces an enor- 
mous pressure. This 
■was illustrated in a very 




[n a hydrostatic press (see the figure) the surface of piston a b 
3 inches, of i 280 inches ; the lever c / is 18 inches loi^, and 
acts on the piston at 2 inches from the fulcrum /. What 
pressure will be produced upon 6 by a power of 80 lbs. applied 
to the lever ? 



Solution : By the lever, we obtain a pressure of 



ISx 



, or 720 



lbs. upon the small pistoD, or upon 3 inches of surface ; there- 
fore, ^ or 63^, viz., as many times as the surface of the 
\avg': ]iiston contains the surface of the small one, so many 
times will the pressure of 720 lbs. be increased. .*. 93^ x 
720—67200 lbs., or 30 tons, is the pressure on the l^^ge 

It will be noticed that whatever may be the gain in power, it is 
bought by an equivalent loss of motion ; for, if the small 
piston be made to move the distance of 1 inch, the water is 
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thrown out into the large cylinder 93^ time§ as large ; there^ 
fore the piston will be raised , or ^|^ of 1 inch, 

S46. The diameter of the small piston of a hydrostatic press 
is 4 inches, that of a large one 2 feet 6 inches ; the lever is 
3 feet long, and the piston rod is 3 inches from the fulcrum. 
If a power of 1 cwt. be applied to the lever, what pressure will 
be produced upon the large piston ? 

247. In a hydrostatic press the diameters of the two pistons 
are, respectively, 3.75 inches and 30.4 inches ; the lever is 
2J feet, and the piston rod is 2i inches from the fulcrum. 
When a power of 1 00 lbs. is applied to the lever, what pres- 
sure will be produced upon the large piston ? 

248. From what height will a body fall in 6 seconds ? (See 
Ex. 28.) 

249. In what time will a body fall from a height of 402 feet? 
(See Ex. 28.) 

250. The power of a steam engine is easily calculated : sup- 
posing the diameter of a cylinder to be 24 inches, the area 
will be 24 « X .7854, or 452.39 square inches, let the pressure 
of the steam on every square inch of the piston be 12 lbs. ; 
therefore, 452.39 x 12, or 5428.88 lbs., is the force with which 
the piston is pressed. Now, if the length of the stroke be 
5 feet, and the piston makes 44 strokes in a minute, it will 
move through 44 x 5 feet, or 220 feet in one minute ; and the 
power of the engine will be equivalent to 5428 lbs. raised 220 
feet in a minute. But it is found convenient to estimate the 
power of a steam engine by horse power, and Watt admitted 
that a horse could raise 33000 lbs. one foot high in one 
minute. Then, for our example, we have : 

33000 lbs, raised 1 foot high in 1 minute = I horse power; 

1 



.-.5428 



" " " ""33000 " 

" " " ""33000 '' 



.-.5428 „ 220feethighinl „ =5i|52i^, or 36 
horse power. ^'^^O^ 
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Then, generally, let d inches be the diameter of the piston ; 

p lbs. the effective pressure of the steam upon each square inch ; 

I feet the length of the stroke of the piston ; 

n the number of strokes per minute. 

/.the H.P. of a steam engine = ± . 

^ 33000 

It is necessary to diminish the given pressure by about ^, for 
friction, &c. ; thus, if the pressure of the steam is 15 lbs. 

to the square inch, the effective pressure is , or 12 lbs. 

to the square inch. " 

251. The diameter of the piston of a steam engine is 24 inches, 
the length of the stroke of the piston 4 feet, the number of 
strokes per minute 48, and the pressure of the steam 30 
lbs. per square inch. Required to find the H. P. of the 
enghie ? 

252. The diameter of the piston of a steam engine is 2 feet 6 
inches, the length of the stroke 6 feet, the number of strokes 
per minute 40, what pressure must the steam exert per 
square inch, so that the engine performs the work of 80 
H. P. ? 

253. Suppose the engine of the last example is used to raise 
water from a mine 240 feet deep, how many cubic feet will it 
raise per hour. 

Solution : 

An engine 80 H.P., in 1 hour, raises 1 ft. high 80 x 60 x 33000 lbs. 
g^ J 2^Q 80 X 60 X 33000 lbs. 



,, v.'^' ,, * ,, fw^yj ,, 



or 660000 lbs. ^-^^ 

But •/ 62.5 lbs. is the weight of 1 cubic foot of water, 
.-. 660000 lbs. „ 111>00()0 ^^ ^^^gQ ^^. ^ 

62.5 

254. How many cubic feet of water will an engine raise in 8 hours, 
from a mine 120 yards deep, the diameter of the piston is 2 
feet 4 inches, the length of the stroke 4 feet, the number of 
strokes per minute 36, and the pressure of the steam 24 lbs. 
per square inch ? 

255. What is the H. P. of an engine which raises 20000 gallons 
of water from a mine 80 feet deep, in 12 hours? 



d 
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256. In what time will a 24 H. P. engine empty a reservoir 600 
yards long, 360 broad, and 10 feet deep ; the water to be 
raised 40 feet? 

257. What must be the pressure of the steam, so that an 
engine may raise 3000 gallons of water per hour from a mine 
660 feet deep, the length of the stroke of the piston is 5.5 feet, 
the number of strokes 32 per minute, and the diameter of the 
piston 18 inches? 

258. To ascertain the capacities of three casks, it is known that 
if the first be filled with the contents of the second, there 
remains in the latter f of its capacity : if the second be filled 
with the contents of the third, there is left in the latter J of 
its capacity ; lastly, if the contents of the first were poured 
into the third, there would yet be room for 50 gallons more. 
Find the gallons which each cask contains. 

259. I have laid out £8000 in bills to India, at the rate of 
Is. lOJd. per rupee, and £5000, in like bills, at Is. QJd. per 
rupee. At what rate per rupee should the bills purchased be 
sold, in order to realize the sum invested and 10 per cent, 
profit ; also what would the difference be, had ^ the bills been 
sold at Is. lOid. ? 

260. A lends two sums of money to B : on the 15th of March, 
1853, £1200, at 4 per cent. ; and on the 1st of September, 
1853, £1600, at 5 per cent. A wished to receive the interest 
of both on the same day, and at the same rate per cent. On 
what day can this be effected, and at what rate per cent. ? 

261. A father left his 6 sons £14670 in cash, and 4 bills of 
£750 each, due at the end of three, four, five, and six months 
respectively. The eldest son had, by the will, ^ of the pro- 
perty, and having the management of the whole, he paid his 
brothers their shares (which were equal) in cash. How much 
were they, discount being reckoned at H per cent, per 
annum? 

262. What would be the amount of 5 yearly payments, each of 
£1500, put into a bank for five years, at 3J per cent, per 
annum, C.I ? 

263. In the following accounts the pupil is required to find the 
quantities left blank : — 
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London, October 30th, 1853. 

Mr. W. Langton, 

To A. Jourdan. 

1853. . £. s. d. 

Jan. 23. 212 tons 16 cwt. 8 qrs. of coab, at £1 4s. per ton 
Mar. 15. 12 pieces, each 25 ells (English), of Irish linen, 

at 6s. 4d. per yard 

24. Sold £1650 in the 3 per cent., at 84^, brokerage 

^ per cent 

June 6. jfrancs, exchange at 24.12 francs per £1 

sterling 154 8 8 

July 1. 2410 francs, exchange at francs per £1 sterling 99 15 Ik 

10. Proceeds of two bUls, each £114. 168. for 36 and 
48 days, at 3^ per cent 

Eeceived £2750 14 ^ 

Balance 

Liverpool, November 6th, 1853. 

264. Mr. O. Cambridge, 

To C. Oxford. 

£. 8. d. 
April 4. 564 doz. of silk handkerchiefs, at 328. 7d. per doz. 
May 8. Factor's commission on £1760. 19s. 4d., at 2^ 

per cent 

24. Cost of £ 3 per cent, consols, at 92^, 

and broken^e I per cent 560 14 4 

July 16. 27.4 bales of coffee, each 3 cwt. 2 qrs. 20 lbs. gross ; 

tare 15^ lbs., tret and cloff as usual, at £5. 

148. 6d. per cwt. net 

Aug. 20. Insurance on £6480. 15s., premium £3. 16s., and 

policy I per cent 

Oct. 6. Amount of £840 for 124 days, at 6^ per cent. 

per annum 

31. Sale of £ Bank Stock, at 196i, and brokerage 

i per cent 1260 12 

Nov. 3. milrees rees, exchange at 62id. per 

mikee 864 10 

Received £3224 16 9 

Balance 

265. I met a man and a woman begging, to the man I gave | 
of } of my money, to the woman f of f of the remainder, and 
then I had £^. 168. 4id. left. What sum had I at first ? 

21 
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'266. A can do as much work in 5 hours as B can do in 7 hours, 
or as C in 8 hours. How long will A he completing a work, 
of which B, working V2 hours, and C 16 hours, can do toge- 
ther two-fifths ? 

•^67. I have a horse to sell which cost me £112. I wish to get 
10 per cent, profit, and to allow the purchaser 12 per cent, 
iliscount. What will be the selling price ? 

•^68 Two clocks point out 12 at the same time, one of these 
gains 8 seconds, and the other loses 9 seconds in 12 hours. 
After what interval will one have gained an hour oyer the 
other, and what time will each then 3iow ? 

•^69. How many guineas, sovereigns, crovmSjhalf crowns, shillings, 
sixpences, and pence, of each the same number, are there in 
4:735 ? 

270. If the height of a cube be 1 foot 6 inches, what is the 
altitude of another cube, which is three times the magnitude 
of the first ? 

271. Required, the diagonal of a square field, containing 12 J 

acres. 

272. A com factor sold 80 quarters of com for £150. 4s., at 
4?^s., 44s., and 41s. How many quarters were there of each 
kind ? 

273. If an engine of 85 horse power, with a driving wheel 7^^ 
feet diameter, will draw a train of 45 tons at the rate of 35 
miles per hour, what weight can an engine of 120 horse 
power, with a driving wheel of 6^ feet diameter draw, at 30 
miles an hour ? 

274. If I transfer stock to the value of £720 from the 4 per 
cent, at 92^ to the 3^ per cent, at 86J, what shall I gain or 
lose annually ? 

275. A company consisting of 1 captain, 2 lieutenants, 8 ser- 
geants, 16 corporals, and 650 men, took the enemy's chest of 
4*5400, which is divided among them according to their pay 
and the time of their service. The captain has been in the 
araiy for 6 years, and is paid 1 2s. 6d. a day ; the lieutenants 
have served 4 J years, and are paid 7s. 6d. a day ; the sergeants 
have served 8 years, and are paid 2s. 6d. a day; the corporals 
have served 5 years, and are paid Is. 8d. a day; and the men 
have served 9 J years, and are paid Is. 4d. a day. What 
portion of the prize should each receive ? 
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276. Find the interior edge of a cubical vessel which will hold 
exactly 2 cwt. 3 qrs. 16 lbs. 12 oz. of water. 

277. How many yards of silk may be had for 4720 lbs. of cotton, 
if for 1^ yards of silk, 13 lbs. of coffee may be had; for 7 lbs. 
of coffee, 2 lbs. of tea; and for 16 lbs. of tea, 49 lbs. of 
cotton ? 

278. A grocer, by means of false scales, defrauds to the extent 
of 15 per cent, in the buying, and 16 per cent, in the 
selling of his goods. What is his whole gain per cent. ? 

279. Six porters, M, N, 0, P, Q, R, have 5 bales of goods to 
carry 560 yards, and each is to carry a bale a distance accord- 
ing to his strength. Their physical powers are represented 
thus: 16, 15, 14, 13, 12, and 10 respectively. How many 
yards will each carry a bale, and how far will each set of 
porters travel ? 

280. A and B are at two opposite comers of a square field, 
whose diagonal is 360 yards, and set off exactly at the same 
time, the same way, to go round it. A goes 28f yards in 2| 
minutes ; B, 34 yards in 3 minutes. How many times will each 
go round the field before the faster overtakes the slower ? 
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